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A b o u t P e a n u t C R S P
The Peanut Collaborative Research Support Program is an international program supported by USAID Grant L A G - G -
00-96-00013-00 to The University of Georgia. The research supported seeks environmentally sound, sustainable
agriculture production and food delivery systems for peanut. The program has five thrusts addressing priori ty
constraints to the global peanut industry (aflatoxin, production efficiency, socio-economic forces, post-harvest processing,
and uti l ization). Peanut CRSP also works to foster human resource development and the communication of research
results.
The Peanut CRSP provides support for collaborative research, training, and exchange of information through grants to
10 universities in the USA linked to 14 host countries in the developing wor ld. Both host countries and the USA are
expected to benefit from the activities of Peanut CRSP. Peanut CRSP actively collaborates with other organizations
with interest in advancing development through the application of science and technology.
A b o u t I C R I S A T
The semi-arid tropics (SAT) encompasses parts of 48 developing countries including most of India, pails of southeast
Asia, a swathe across sub-Saharan Afr ica, much of southern and eastern Afr ica, and parts of Latin America. Many of
these countries are among the poorest in the world. Approximately one-sixth of the world 's population lives in the
SAT, which is typif ied by unpredictable weather, l imited and erratic rainfall, and nutrient-poor soils.
ICRlSAT 's mandate crops are sorghum, pearl mil let, finger mil let, chickpea, pigeonpea, and groundnut; these six
crops arc vital to life for the ever-increasing populations of the semi-arid tropics. ICRISAT's mission is to conduct
research which can lead to enhanced sustainable production of these crops and to improved management of the limited
natural resources of the SAT. ICRISAT communicates information on technologies as they are developed through
workshops, networks, training, library services, and publishing.
ICRISAT was established in 1972. It is one of 18 nonprofit research and training centers funded through the
Consultative Group on International Agricultural Research (CGIAR). The CG1AR is an informal association of
approximately 50 public and private sector donors; it is co-sponsored by the Food and Agriculture Organization of the
United Nations (FAO), the World Bank, and the United Nations Development Programme (UNDP).
The opinions in this publication are those of the authors and not necessarily those of International Arachis Newsletter. 
The designations employed and the presentation of the material in this publication do not imply the expression of any 
opinion whatsoever on the part of the Newsletter concerning the legal status of any country, territory, city, or area, or 
of its authorities, or concerning the delimitation of its frontiers or boundaries. Where trade names are used this does 
not constitute endorsement of or discrimination against any product by the Newsletter.
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N e w s a n d V i e w s
From the Editor About Scientists
The sudden demise of Dr O D Smith on 4 March 1999,
in Bryan, Texas, saddened the groundnut community
around the wor ld . Those who knew or came in contact
wi th Ol in w i l l always remember him as a thorough
gentleman and a highly competent groundnut breeder.
His students w i l l miss him most. The I A N fraternity
sends its condolences to the Smith family.
Compared wi th earlier issues, the publication of this
issue of I A N has been advanced. In future also, we want
to stick to a July/August publication schedule. The
Editor 's pleas seeking contribution articles have failed
to motivate our friends in North America. The Editor
would like to renew his pleas and hopes next time
around they w i l l have some effect.
In Apri l 1999 we bade farewell to Ms Sue D Hainsworth,
Manager, Editorial Unit of Partnerships and Information
Management Divis ion of ICRISAT. Sue was the moving
force behind all the Newsletters published by ICRISAT.
In addition to providing language editorial input when
needed, she coordinated the preparation and publication
of I A N and always had a soft spot for this Newsletter.
Many thanks, Sue, for all that you did for the groundnut
community.
Readers w i l l be happy to note some contributions
from the Caucasus and Central Asia to this issue of I A N .
We welcome scientists from this region to our global
groundnut family.
I would l ike to acknowledge the contribution of
O A jay i , R Bandyopadhyay, F R Bidinger, S Chandra,
S L Dwived i , C Johansen, N Kameswara Rao, J V D K
Kumar Rao, V Mahalakshmi, N Mallikarjuna, E M Minja,
R C Nageswara Rao, S Pande, A Ramakrishna,
G V Ranga Rao, D V R Reddy, L J Reddy, T J Rego,
O P Rupela, N P Saxena, H C Sharma, S B Sharma,
P Subrahmanyam, R P Thakur, and H D Upadhyaya, as
reviewers of the contributions to this issue of I A N , and
the Library and Documentation Services at ICRISAT for
compi l ing the SATCRIS listing and ver i fy ing the
references cited in this issue.
I look forward to your contributions to the 2000 issue
o f I A N .
V a l e O l i n D Smi th
Dr Ol in D Smith, Professor of Soil and Crop Science at
Texas A & M University, died suddenly on 4 March 1999,
in Bryan, Texas.
Dr Smith was born on December 15,1931, in Tonkawa,
Oklahoma. He earned a bachelor's degree from Oklahoma
State University in 1954. Prior to receiving a master's
degree from Oklahoma State in 1961, Dr Smith served
as superintendent of the Wheatland Conservation
Research Station for the Oklahoma Agricultural Experi-
ment Station and was assistant manager of the Oklahoma
Crop Improvement Association from 1952 to 1965. In
1969, Dr Smith earned a doctoral degree f rom the
University of Minnesota.
Dr Smith began his career at Texas A & M University
in 1970 as an assistant professor in the Department of
Soil and Crop Science and was promoted to ful l professor
in 1982. At Texas A & M , Dr Smith's appointment
involved teaching and research in groundnut breeding.
Over three decades, he and coworkers released several
varieties of Spanish groundnuts and established new
benchmarks for yield performance and adaptation
including Toalson, which provided good pod rot resistance.S N Nigam
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Tamspan 90 possessed excellent resistance to sclerotinia
bl ight, caused by Sclerotinia minor. Wi th coworkers,
Dr Smith also bred and released four runner varieties
that were wel l adapted to the dry growing conditions of
the southwestern USA. Tamrun 96 and Tamrun 98
provided growers w i th high-yielding varieties, disease
resistance, and market appeal.
Dr Smith cooperated w i th scientists in breeding host-
plant resistance and quality enhancement. His research
also played a significant role in the development of
tomato spotted w i l t resistance, drought tolerance, and
early maturi ty.
For 15 years, Dr Smith collaborated wi th the United
States Agency for International Development as a 
project leader for CRSP. As chairman of the CRSP
Technical Committee, Smith worked w i th groundnut
breeders and producers in the West Af r ican countries of
Senegal, Ma l i , Niger, and Burkina-Faso. He believed
strongly in training and educating groundnut leaders in
those countries and helped several of them receive
undergraduate and advanced degrees in the United
States. He also adapted several drought-tolerant ground-
nut varieties from his program for use in Af r ica.
Dr. Smith's primary research in recent years involved
altering fatty acid ratios in groundnuts to reduce oxidative
rancidity and to improve the shelf l i fe of groundnuts and
by-products. He was responsible for the innovation of
several laboratory techniques in exploring oleic/l inoleic
acid ratios.
Dr Smith was a member of A S A and CSSA. He was a 
fe l l ow, past president, and recipient of the Coyt
T. Wilson Award for distinguished service in the American
Peanut Research and Education Society. He served on
most of the committees in APRES at one time or another.
He was highly instrumental in the init iation of the
journa l , Peanut Science, and played key roles in three
books produced by the Society. He received the American
Peanut Counci l 's Research and Education Award and
was a member of the Counci l for Agr icul tural Science
and Technology.
Dr Smith is survived by his wife, Thelma, three chi ldren,
and six grandchi ldren. Expressions of condolence
may be sent to the Soil and Crop Science Department,
Texas A & M University, College Station, TX 77843-2474,
USA, addressed to Family of Dr Ol in D Smith.
A w a r d
Associate Professor S L Brown and Professor J W Todd,
of the Department of Entomology, and Associate Professor
A K Culbreath and Assistant Professor H R Pappu, of
the Department of Plant Pathology, University of Georgia,
Coastal Plain Experiment Station, Tif ton, GA, were jo in t l y
awarded the American Peanut Council 's Peanut Research
and Education Award for their work on management of
tomato spotted w i l t virus in groundnut. The research
team developed a risk assessment index to advise grow-
ers of the factors that influence the relative impact of
spotted w i l t disease in groundnut. The award, consisting
of a plaque and a cash prize, was given at the USA
groundnut Congress held in Hi l ton Head, SC, in July
1998.
P e a n u t C R S P N e w s a n d R e n e w a l P lans
The Peanut CRSP, along wi th many of the groundnut
fraterni ty, mourn the untimely death of Dr Ol in Smith of
Texas A & M University, who was a Principal Investigator
in the CRSP since the inception of the program. A l l
those who knew Ol in were greatly saddened by the
news. A tribute to Dr Ol in Smith is a feature of this issue
o f the I A N .
Over the past year the Peanut Collaborative Research
Support Program (CRSP) has made good progress towards
the realization of the goals in each of the present pr ior i ty
thrust areas. As with all programs parts of it are progressing
faster than anticipated whi le in other areas problems are
resulting in a slower than desired progress. Our program
continues to address five constraint areas for the groundnut
sector. These are food safety (mainly aflatoxin), produc-
t ion efficiency, socioeconomic constraints, postharvest
marketing and utilization, and information and technology
transfer.
There has been a special effort on the part of the
Program Office to deploy new technologies to make infor-
mation on groundnuts more widely available. Our web
site now includes all our reports and progress. It also is
used by the scientists to provide workplans, and required
reports, and w i l l be used to collect proposals for research
in the next phase of the program. The External Evaluation
Panel (EEP) has made its first report on progress and we
are planning now for the program to have the in-depth
review needed prior to developing the renewal docu-
mentation. It is important for the continuation of the
Peanut CRSP that the EEP supports a continuation of the
program, based on the good science and management of
the Peanut CRSP projects.
The Peanut CRSP is starting the process of renewing
our grant. This process w i l l fo l low the fo l lowing steps.
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Identification of groundnut research opportunities
and priorities. We wi l l review our program and priorities
to help decide on the projects that are proposed, and
selected for funding in the next phase.
To this end we seek opinions from stakeholders as to
the nature of the program that would be most interesting
and important over the next five years (2001-2006).
People interested in providing us with feedback should
send us their opinions about research needs and oppor-
tunities, their priorities, and logic. Soon we wi l l make a 
form available on the internet that w i l l collect these
data. For those of you without internet access we ask that
you write us a letter suggesting changes in our program,
or new types of research that you believe important for
the groundnut sector in your country.
Definition of program goals for the next phase. The
input from various stakeholders w i l l be considered and
used in conjunction with expert opinions of the EEP and
other advisors to define priori ty areas for projects that
the program needs to consider in its request for proposals
(RFP). The topics that w i l l be selected w i l l provide for
the basic criteria of the CRSP, in that the research w i l l
need to be mutually beneficial to both developing
countries and the USA. This information w i l l be used to
define the RFP which w i l l be made available through the
internet.
A competitive request for proposals. This process w i l l
require existing projects to compete wi th new proposals
through an open competitive process, and successful
projects w i l l provide the core of research activities during
the next five years. The last RFP provided the chance for
new participants in the CRSP and this has been a 
particularly invigorating process and has greatly
improved polit ical support for the program.
The Peanut CRSP looks forward to your participation
and hopes that the groundnut industry of the wor ld w i l l
contribute to defining what we do during the next five
years.
N ew s f r o m A f r i c a
E m p o w e r i n g G r o u n d n u t F a r m e r s i n M a l a w i
wi th Im pr ov e d Technologies
The International Crops Research Institute for the Semi-
Ar id Tropics (ICR1SAT) in partnership wi th P L A N
International organized a three-day ( 4 - 6 March 1999)
training course on groundnut production technologies at
Kasungu, Malawi.
Farmers examining the yield of CG 7 groundnut variety during a field visit to Nkhamenya.
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Inaugurating the training course, Mr C C Khonje, the
Program Manager of Kasungu Agricultural Development
Divis ion, stressed the importance of training courses to
empower farmers wi th new and improved technologies
in order to boost groundnut production in Malawi .
He commended ICRISAT and P L A N International for
organizing such a training course, which has drawn
expertise f rom both ICRISAT and the Malawi national
program.
Dr Pala Subrahmanyam, ICRISAT Country Represen-
tative, welcomed the guests and participants. The main
objectives of the course were to develop and upgrade the
skills of field technicians and empower the farmers in
improved groundnut production technologies to increase
groundnut production in Malawi . The course facilitated
cross-ferti l ization of ideas between various participants
through field visits in the Kasungu area and in problem-
solving group discussions.
Groundnut is a very important crop to farmers in
Malawi. It plays a very significant role in dietary require-
ments and income generation. Being a legume, groundnut
also improves soil fertility and provides beneficial residual
effects for the productivi ty of subsequent cereal crops
like maize and sorghum. As such, groundnut plays a 
positive role in the nutrit ional status and well-being of
the rural poor, especially women and children. Unfortu-
nately, the intake of groundnut and its products in rural
households is very low. Al though groundnut is produced
all over the country, about 70% of the crop is produced
in areas of Lilongwe and Kasungu. It is grown and managed
mostly by resource-poor farmers, especially rural women.
In general, groundnut yields are low, averaging 700 kg
ha-1. Nonavai labi l i ty of seed of improved varieties, poor
cultural practices, diseases and insect pests, and lack of
awareness of improved technologies l imi t increased
groundnut production in Malawi .
Over 60 participants including 20 women from
Li longwe and Kasungu areas attended the course. The
course was designed to address the above issues related
to increased groundnut production in Malawi .
I C R I S A T Helps Save Biodiversity of Groundnut
Germplasm in West and Central Africa Through
the Groundnut Germplasm Project (GGP)
One of the primary objectives of the GGP is to enable
N A R S researchers in West Af r ica to access the wor ld
groundnut germplasm collection held in trust by
ICRISAT. The project plans to keep a core collection for
the region in the gene bank at ICRISAT-Niamey, Niger,
by duplicating and transferring suitable accessions f rom
the large collection maintained at ICRISAT-Patancheru,
India. Additional diverse material is being collected through
exploration of important production areas in the region.
Other activities include production and distribution of
foundation seed, information dissemination, and training
courses. The project is actively involved in research on
aflatoxins and groundnut rosette virus, two major threats
to groundnut production in the region.
G G P Seeks Al ternat ives to Co ld Storage
One of the activities of GGP that could have an impact
on in situ conservation of groundnut seed in the region
is the Project's search for alternatives to cold storage.
Cold storage, considered to be the best conservation
method, requires high investment and operational costs.
The unreliable power supply in many countries of West
Afr ica also makes it d i f f icul t to use cold storage ef f i -
ciently. One method that is being tested is to store seeds
under vacuum or in an inert atmosphere (e.g., nitrogen)
at ambient temperature. If shown to be effective for
large-scale storage of foundation seeds, it would be
much cheaper than cold storage.
Progress of Research into Socioeconomic
Impacts of Alternative Groundnut
Production and Marketing Systems in
Senegal
Research activities during 1998-99 by the University of
Connecticut, USA, and the Ecole Nationale d'Economie
Appliquee (ENEA), Dakar, Senegal, pursued the fol lowing
objectives:
1. To improve existing procedures used to collect farm-
level data at ENEA, wi th emphasis on groundnut
production wi th improved analysis techniques
(FoxPro Program).
2. To evaluate the extent to which farm output can be
increased by better uti l ization of existing resources.
3. To assess the impact of alternative groundnut manage-
ment practices and farm policies on impact use,
productivi ty, and farm prof i tabi l i ty.
Towards the first objective, data including information
on prior experience, formal schooling, participation in
learning networks, and active reflection, as wel l as farm
production and consumption data previously included,
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have been collected in 1998. These data are being
automatically processed by a purpose-specific FoxPro
program, for which one scientist has provided training
in January 1999, to ENEA faculty and students. A paper
on the use of this program for managing the ENEA data
has been prepared for publication.
In May, Professor Bravo-Ureta visited Senegal and
helped select sites where the farm level data wi l l be collected
in the 1999 and 2000 stages. The 1999 site is the same
as that visited in 1984, whi le the 2000 sites w i l l be those
visited in 1991 and 1992.
In order to evaluate techniques to increase farm
output based on better uti l ization of existing resources,
the 1997 farm level data have been completely coded
and coding of the 1998 data is under way. Completion of
this w i l l enable analysis of productivity differentials
across groundnut producers, including the specific issues
of the relationship between productivity and agricultural
intensification versus extensification, adoption of new
varieties, and socioeconomic characteristics of the house-
hold. This w i l l result in a Ph.D. dissertation.
The third objective, the evaluation of alternative
technologies, is being addressed by developing profiles
of farm practices of typical farms for dif ferent agro-
ecological zones, based on the 1996-97 data. The 1998
stage data w i l l also be used to model additional typical
farms by considering alternative groundnut management
practices, and farm policies on input use, productivity
and farm profi tabi l i ty.
Meeting of the Fourth Steering Committee of the
Groundnut Germplasm Project (GGP) for West
Africa
The fourth steering committee (SC) meeting of the GGP
was organized by 1CR1SAT, the Project Executing Agent
(PEA), 7-9 Apr 1999, at ICRISAT-Bamako in Mali.
Representatives of the principal partners, ICRISAT,
Institut Senegalais de Recherche Agricole ( ISRA), and
C1RAD, France, as well as a representative from the African
Groundnut Council (AGC), participated. A representative
from the Common Fund for Commodities (CFC), and the
donor and representatives of the National Agricultural
Research Programs (NARS) from Mal i , Burkina Faso,
and Senegal also attended the meeting as observers.
Unfortunately, representatives from the supervisory
body (SB) of FAO and from Nigeria were unable to
come to the meeting. The steering committee examined
and approved the work plan and budget for 1999-2000.
The work plan and budget were prepared by the project
staff and partners.
N e w s f r o m Cerea ls a n d L e g u m e s As ia
N e t w o r k ( C L A N )
Networks in Research and Technology Exchange
(Dr C L L Gowda and Dr A Ramakrishna have
contributed this discussion of information and material
exchanges through networks, using the particular
example of the Cereals and Legumes Asia Network
( C L A N ) . Ed.)
Funding for agricultural research in both national and
international programs is either declining or stagnating
and this is bringing institutions and scientists together
to work cooperatively. Networks are becoming increasingly
important in agricultural research as an effective way of
using limited funds, staff, and facilities to achieve research
goals. Networking approaches avoid duplication of effort,
and engage, at a relatively low cost, a critical mass of
personnel in research and development to address and solve
specific problems. Networks enhance interaction and
exchange of knowledge and materials among members.
An agricultural research network is a group of
individuals or institutions linked together because of
commitment to collaborate in addressing a common
agricultural problem, or set of problems, and to using
existing resources more effectively. Networks are dynamic
and variable. Networks can be formal or informal. If a 
group of scientists meets to review the results and plan
future research, it could be considered a 'network ' if
they interact and exchange information and material.
Some of the common types of networks are:
• Information exchange networks that disseminate
available information, methodologies and results to
members.
• Material exchange networks that are involved in
exchanging germplasm and breeding material (e.g.,
International Nurseries and Trials Network) or
machinery among cooperating scientists.
• Scientific consultation networks that allow individuals
or groups to conduct independent research, sl ightly
modi fy ing the on-going research to serve the goals of
the network, and share the results.
• Collaborative research networks that involve jo in t
planning and conduct of research on common
research interests (e.g., C L A N ) .
There are five major components of any network: mem-
bership, coordination, communication, research, and assets.
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Membership of interested scientists and administrators
forms the body of a network. Commitment by members
is essential for the success of network, and for its
integration into a national program's agenda.
Coordination is required to organize and harmonize
network activities. Usually a Coordination Unit provides
administrative and logistic support.
Communication enables interchange of information,
material, and technology. Planning meetings, workshops,
monitoring tours, training courses, and formal and informal
publications serve as communication channels.
Assets of a network include the members and facilities
and resources available. Often, external funding is required
to support special activities such as meetings, training,
and workshops.
Research is the major component around which a net-
work is organized. It encompasses all research-related
components, such as information, literature, genetic
material, technology, or methods. A shared research
goal is the major l ink between the network's members.
Cereals and Legumes Asia Network (CLAN)
C L A N was established in 1992 to serve as a research
and technology exchange network for Asia involv ing
sorghum, pearl millet, chickpea, pigeonpea, and groundnut.
C L A N amalgamated the activities of two earlier networks,
the Asian Grain Legumes Network ( A G L N ) and the
Asian component of the Cooperative Cereals Research
Network (CCRN). It consists of scientists and research
administrators in Asian countries who have indicated
their interest and wil l ingness to commit resources to
undertake collaborative research, participate in network
activities, and share results and technology. Membership
includes staff from more than 15 Asian countries, regional
and international institutions primari ly in Asia and
elsewhere, and ICRISAT scientists. Currently the Coor-
dination Unit is located at and supported by ICRISAT.
The overall objective of C L A N is to support, coordinate,
and enhance technology exchange involving C L A N priority
crops and their resource management among Asian
scientists. The ultimate goal is to improve the well-being
of Asian farmers by improving the production and
productivi ty of crops in a sustainable manner.
The specific objectives of C L A N are to:
• Strengthen linkages and enhance exchange of
germplasm, breeding material, information and tech-
nology options among members;
• Facilitate collaborative research among members to
address and solve high priority production constraints
giv ing attention to poverty and equity issues as per
needs and priorities of member countries;
• Assist in improving the research and extension
capability of member countries through human
resource development;
• Enhance coordination of regional research on sorghum,
pearl mil let, chickpea, pigeonpea, and groundnut;
and
• Contribute to the development of stable and sustainable
production systems through a responsive research
capability in member countries.
C o u n t r y Coord ina tor
Each member country nominates a senior scientist/
research administrator as the Country Coordinator for
in-country coordination of network activities. The Country
Coordinator is the main administrative link between the
Coordination Unit (CU) and the national agricultural
research systems (NARS) of that country, and between
the network members wi th in the country.
N e t w o r k activities
C L A N supports diverse activities in the region and
member countries, based on the priorities, interests, and
needs of each member country.
Germplasm and breeding material exchange. The
vast collection of wor ld groundnut germplasm available
at the ICRISAT gene bank, and the genetically improved
breeding material are shared with the scientists in member
countries either through responding to individual requests
or through international nurseries and trials. C L A N
facilitates the exchange, and assists NARS in testing,
evaluation, and use of these materials in the national
programs. On the other hand, the national crop improve-
ment programs have contributed their collection of
local land races to the ICRISAT gene bank for storage,
mult ipl icat ion, and sharing wi th other NARS.
Training. The CU assists the Training and Fellowships
Program at ICRISAT and the C L A N members by identi-
fy ing training needs and financially supporting the
participants, partially or in ful l ; organizing special training
courses, and individual programs on specific topics to
develop and upgrade research skil ls; and arranging
in-country training programs to share the latest knowledge
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on research techniques, results, and technology related
to the network's mandate.
Information exchange. C L A N members have access to
the services provided by ICRISAT's Information Tech-
nology Unit and Library. These include research and
informat ion bul let ins; proceedings of workshops,
conferences, and meetings; field and laboratory handbooks
and manuals; international newsletters; and other ICRISAT
publications. Also selective dissemination of information,
literature searches, and other documents/reprints can be
requested.
In addition to these the CU collects reports, books,
and unpublished manuscripts from member countries
for sharing with other members.
Working groups. Working groups (also referred to as
consortia or subnetworks) are formed by a group of
committed scientists having a common interest in
addressing and finding solutions to a high priority regional
problem. The working group concept helps to avoid
duplication of effort and engage, at a relatively low cost,
a critical mass of scientists to solve research problems.
The membership of a working group consists of scientists
from NARS, regional, mentor, and international research
institutions who have the interest, expertise, and commit-
ment to work together, and share resources and results.
Each work ing group nominates a Technical Coordinator
(who is an expert in the subject) to liaise, coordinate,
and harmonize research efforts. The Technical Coordinator
of a working group is normally supported by a network or
institution for providing logistic and administrative support.
Three groundnut working groups are currently oper-
ating in Asia, with logistic and administrative support
provided by C L A N .
Groundnut viruses in the Asia-Pacific region. Virus
diseases are one of major global constraints that reduce
yield of groundnut. This working group started as the
Peanut Stripe Virus (PStV) Working Group in 1987 to
foster research on PStV. It was renamed the "Work ing
Group on Groundnut Viruses for the Asia-Pacific Region"
in 1989. C L A N provided financial support and liaised
with other organizations (such as A G A R , 1DRC, FAO,
and Peanut CRSP) to carry out jo int research, provide
seed money or support funding to training programs in
detecting and diagnosing virus diseases, publication of
proceedings and information bulletins. The working
group on groundnut viruses and its predecessor PStV
WG have pioneered the working group concept and
served as a model for several others in C L A N . The current
Technical Coordinator is Dr D V R Reddy, Principal
Virologist, ICRISAT.
Groundnut bacterial wilt. Bacterial wilt is an important
soil-borne disease of groundnut in many Southeast
Asian countries. The Groundnut Bacterial Wil t Working
Group was set up fo l lowing a recommendation at the
planning meeting held in Malaysia in 1990. The Asian
Grain Legume Network (predecessor of C L A N ) was
requested to provide administrative and logistic support.
The main objectives of this work ing group are to
exchange lines resistant to bacterial wi l t , exchange
information and research results, and coordinate research
to address issues related to managing the disease (including
host-plant resistance, cultural and biological control).
The fourth meeting of the working group was held f rom
11-13 May 1998, in Hanoi, Vietnam. Proceedings of al l
four working group meetings are available. In addition a 
technical manual on 'Techniques for diagnosis of
Pseudomonas solanocearum" (now renamed Burkholderia 
solanacearum) has also been published. Mr Liao
Boshou, Groundnut Breeder, Oil Crops Research Institute,
Wuhan, China, is the Technical Coordinator.
Aflatoxin contamination problems in groundnut.
Aflatoxins are highly toxic and carcinogenic substances
produced by the fungus Aspergillus flavus, and are
health hazards to both human beings and animals. Many
developed countries have placed limits on the levels of
aflatoxin ranging from 0 to 20 parts per bi l l ion (ug kg-1),
and thus restrict imports of groundnut and its products.
The working group was established at the first meeting
at Hanoi, Vietnam in 1996. The main objectives of the
working group are: ( i) Enhancing awareness among
farmers, traders, processors, and consumers regarding
the health risk to humans and animals, ( i i ) Testing and
validating agronomic practices that can reduce aflatoxin
contamination, (i i i) Breeding for resistance to seed infection
and aflatoxin production by A.flavus, and (iv) coordination
of regional research to minimize the risk of aflatoxin.
Funding
Most of the funding support for network and work ing
group research activities comes from the member countries.
The NARS use existing staff, facilit ies, and resources in
their institutions to carry out collaborative research.
Using donor funding, the Coordination Unit partially
supports the costs of scientists' travel, training, and
workshops/meetings in addition to supporting collaborative
research aimed at developing technologies for the member
NARS in the region.
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Research Repor ts
Genetics a n d P lant Breed ing
A Case of 2n Pollen in an Accession of an
Annual Diploid Groundnut Wi ld Species,
Arachis duranensis 
P V indhiyavarman, K N Ganesan, A Mothilal, and
S E Naina Mohammed (Regional Research Station,
Vridhachalam 606 001, Tamil Nadu, India)
The occurrence of 2n pollen was confirmed in several
species by seed set fo l lowing tetraploid x diploid
crosses. It is a common phenomenon in potato species
(Hanneman and Peloquin 1968, Mok and Peloquin 1975).
Such sexual polyploidization should be regarded as a 
most potent evolutionary mechanism when compared
with somatic doubling. Even though both achieve
polyploidizat ion, the former is creative in that it pro-
vides novel variabil i ty and gene combinations avoiding
significant inbreeding. On the other hand, in somatic
doubling the genotype produced w i l l be at most balanced
diallelic in the tetraploid and considerably inbred. These
different genetic consequences w i l l be reflected in the
vigor, fer t i l i ty , and competitive abil i ty of the founder
polyploid population.
Arachis duranensis Krapov & W.C Gregory (GKBSPSC
30067; ICG 8200) is a native of Argentina. It is an annual
diploid (2n=20) species wi th procumbent growth habit.
The pods and seeds are small. The pollen of A. duranensis 
was util ized for hybridization with the cultivar V R I 4 of
Arachis hypogaea (2n=40) during the rainy season
commencing June 1997. The resultant hybrid seeds were
planted during the postrainy season (Jan 1998). Two
hybrids that had set seeds profusely indicated the po l l i -
nation by 2n pollen of A. duranensis. Many workers in
potato have demonstrated similar mechanisms. Dyads
Table 1. Description of fertile hybrids between A. hypogaea cv V R I 4 x A. duranensis. 
Female parent Hybrids
cv VRI 4 o f Male parent V R I 4 x 
Descriptor A. hypogaea A. duranensis A. duranensis 
Growth habit erect procumbent 1 decumbent 1 
No. of n+1 branches 5 5 4
No. of n+2 branches 10 15 10
No. of n+3 branches 5 18 12
Length of main axis(n) (cm) 45.5 24.2 26.0
Length of n+1 branches 51.5 85.0 53.8
Length of n+2 branches 18.4 44.8 34.2
Length of n+3 branches 12.0 18.7 13.6
Branching pattern irregular irregular irregular
Flowers on the main axis absent absent absent
Type of inflorescence compound compound compound
Leaf color dark green light green light green
Pubescence on the stem sparse dense moderate
No. of pods plant-1 18.0 28.0 60.0
100 seed mass (g) 40.8 7.6 19.7
Shell ing percentage 72.1 78.3 77.5
Seed size medium very small small
Seed shape round to flat oblong oblong
Seed color tan rose rose
Days to maturity 105.0 120.0 110.0
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have been reported in many cultivars of potato and
Bleier (1931) observed fusion of both metaphase plates
in the second division frequently. Oppenheimer (1933)
and Stelzner (1943) both detected parallel spindles and
dyads in interspecific hybrids in Solarium chacoense. 
The ferti le hybrids between Arachis hypogaea cv
V R I 4 and A. duranensis were decumbent I in growth
habit, without flowers on the main stem and the branching
pattern was irregular. There were few n+2 branches and
the plants matured in 105 days (Table 1). Hence they
combined the characters of both the subspecies i.e.,
fastigiata and hypogaea. The pod-setting was profuse
and three or two pegs were observed per node. The pod
size was intermediate between the two parents. The seeds
of V R I 4 were round to flat either on one or both sides,
whereas the seeds of A. duranensis were oblong. The seeds
of the hybrids were intermediate between the two parents.
The F2 plants were studied during the rainy season
(June 1998). There was segregation for f ive different
types based on plant morphology and pod characters in
the F2 .The study of F3 plants is in progress. The present
material w i l l be a useful donor for further introgression
without tedious ploidy manipulation.
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Synthet ic A m p h i d i p l o i d s in the G e n u s
Arachis
P Vindhiyavarman, K N Ganesan, A Mothilal, and
S E Naina Mohammed (Regional Research Station.
Vriddhachalam 606 001, Tamil Nadu, India)
The amphidiploids in the genus Arachis represent an
important gene pool for groundnut improvement as they
incorporate genes from two species. Further, amphidiploidy
makes it possible to establish a bridge between a crop
species and a directly incompatible species by crossing
the latter with a mutually compatible third species. The
present study was conducted with a view to understanding
the breeding behavior of some amphidiploids.
The diploid (2n=20) wi ld species belonging to section
Arachis was selected for the study. A batizocoi, the only
species belonging to 'B' genome, and the ' A ' genome
species A. viilosa, A. stenosperma, A. duranensis, 
A. cardenasii, A. kempff-mercadoi, A. correntina, and
A. helodes were util ized for the development of eight
different amphidiploids.
The amphidiploids were planted in the field during
the rainy season in June, 1998. The pollen stainability data
were recorded by sampling on two different days with a 
count of 300 pollen grains per plant. The results are
presented in Table 1. The morphology of the individual
amphidiploids is furnished in the text. F2 plants were
obtained by in situ germination in all the combinations
except A. villosa x A. batizocoi. These F2 plants were
transplanted in separate plots for further study. The F,
plants obtained so far are briefly described for purposes
of comparison.
A. viilosa x A. stenosperma. The standard petal color of
A. stenosperma is lemon yel low. This trait was
expressed in the amphidiploid while the leaves resembled
A. viilosa. Seed setting was rare. Fourteen F2 plants were
obtained. Of these, six plants exhibited the standard
petal color of lemon yel low and the others were orange
yellow.
A. duranensis x A. viilosa. The traits of A. duranensis 
i.e., smaller sized leaflets and flowers, were expressed in
the amphidiploid. Six F2 plants were obtained wi th three
plants exhibit ing a larger standard petal resembling
A. viilosa and three plants with the smaller sized standard
petal and leaflets resembling A. duranensis. 
A. viilosa x A. batizocoi. The characters of A. batizocoi, 
such as less intense branching, longer lateral branches,
roundish leaflets and a lemon yel low standard petal
color were expressed in the amphidiploid. The size of
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the standard petal was intermediate between the two.
The pollen fert i l i ty was only 1.5%. No F2 plants have
been produced so far.
A. cardenasii x A. villosa. The standard petal of
A. villosa is larger than that of A. cardenasii, whereas
the reverse is true for leaflet size. The amphidiploid was
intermediate between the two. Of the 40 plants obtained
in F2, 28 plants resembled A. cardenasii and 12 plants
resembled A. villosa in gross morphology especially in
respect of the sizes of the standard petal and leaflets.
A. correntina x A. helodes. The characters of
A. helodes, i.e., deep orange standard petal color, dark
green leaves and pinkish pigmentation in the stem
dominated in the amphidiploid. Only f ive F2 plants were
obtained and they had slightly narrower leaflets, light
green leaves, and the standard petal size smaller than
both the parents.
A. stenosperma x A. cardenasii The main axis was
taller than both the parents. The standard petal color
was lemon yellow resembling A. stenosperma, and the
pod size was intermediate between the two parents. The
F, plants segregated for lemon yellow (19 plants) and
orange yellow color (21 plants) standard petals and also
for leaf morphology.
A. stenosperma x A. kempff-mercadoi. The amphidiploid
expressed the larger sized standard petal similar to
A. kempff-mercadoi. However, the color of the standard
Table 1. Pollen stainability of selected diploid species
of the section Arachis and their hybrids.
Mean % of
Species stainec1 pollen
Arachis villosa 97.40 ± 1.28
A. stenosperma 98.10 ± 0.80
A. duranensis 96.23 ± 0.60
A. batizocoi 88.35 ± 1.30
A. cardenasii 98.35 ± 0.75
A. correntina 84.13 ± 0.90
A. helodes 95.60 ± 1.30
A. kempff-mercadoi 96.20 ± 1.00
A. villosa x A. stenosperma 43.10 ± 4.50
A. duranensis x A. villosa 34.12 ± 8.52
A. villosa x A. hatizocoi 1.57 ± 0.10
A. cardenasii ' A. villosa 45.95 ± 7.53
A. correntina 'A. helodes 39.84 ± 1.50
A. stenosperma 'A. cardenasii 56.93 ± 3.40
A. stenosperma ' A. kempff-mercadoi 67.01 ± 5.20
petal was lemon yel low. It was vigorous and the seed
setting was profuse. The F2 plants segregated for lemon
yellow (18 plants) and orange yel low color (9 plants)
standard petal. The leaf shape of eight plants resembled
A. stenosperma. However, nineteen plants had narrow
(linear) leaflets.
The cytological analysis of the amphidiploid A. duranensis 
x A. villosa revealed the formation of 8.9 bivalents and
2.2 univalents. Resslar and Gregory (1979) observed in
hybrids between 'A' genome species of section Arachis,
the absence of quadrivalents, anaphase bridges, and
heteromorphic bivalents. Further, the differences resulting
in the formation of univalents were cryptic differences
rather than structural rearrangements between homeo-
logues. The pollen stainability studies revealed that the
hybrids between species having ' A ' genome were ferti le,
however, that involving A. batizocoi ( ' B ' genome) was
sterile. Smartt et al. (1978a, 1978b) reported the hybrids
between A. batizocoi and other members of section
Arachis exhibited structural heterozygotes, as wel l as
disturbed reduction division and irregular segregation of
chromosomes.
Tr ip lo ids of amphidiploids
The pollen of four amphidiploids, i.e., A. cardenasii x 
A. villosa, A. correntina x A. helodes, A. stenosperma x 
A. cardenasii, and A. stenosperma x A. kempff-mercadoi 
was uti l ized for hybridizat ion wi th an A. hypogaea 
parent (cv VR 14) and triploids (2n=30) were obtained.
They w i l l be util ized in further backcrosses.
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G r o u n d n u t V a r i e t y , T A G 2 4 , W i t h
P o t e n t i a l f o r W i d e r A d a p t a b i l i t y
D M Kale, A M Badigannavar, and G S Murty
(Nuclear Agriculture and Biotechnology Division, Bhabha 
Atomic Research Centre, Trombay, Mumbai 400 085,
Maharashtra, India)
Groundnut variety, T A G 24, was original ly released for
the Vidarbha region of Maharashtra in 1991 and notif ied
by the Minist ry of Agricul ture, Government of India,
during 1992 (Patil et al. 1995). Subsequently, this variety
performed equally wel l in other states such as Andhra
Pradesh, Gujarat, Orissa, North Eastern H i l l States,
Pondicherry, Rajasthan, Tami l Nadu, and West Bengal.
This prompted a reexamination of the y ie ld performance
of T A G 24 in the All India Coordinated Research Project
on Oilseeds (A ICORPO) rabi/summer varietal trials. In
this report, the data on T A G 24 as a test entry (between
1987 and 1990), as wel l as an additional control cult ivar
(between 1991 and 1997) from AICORPO trials are
compiled and presented.
T A G 24 was yield tested between 1987 and 1997 in
146 trials in various stages of A ICORPO testing in
Zones 1 to IV. These trials included national, zonal, local,
and minik i t checks which consisted of 11 cultivars spread
all over the four zones. T A G 24 gave a higher pod yield
than the respective best control in 70 out of 146 and seed
yie ld in 70 out of 139 trials. (The seed yie ld was reported
only in 139 trials). The yield increase in T A G 24 for
pods ranged between 1% and 65%, and for seed between
1% and 7 3 % in these trials.
Each time when a tr ial was conducted in a zone,
mean yields of T A G 24 and the best control variety
(irrespective of its identity) over all locations in the zone
were compared. The mean pod yie ld of T A G 24 was
higher than the best control in 4 out of 4 evaluations in
zone 1,4 out of 7 evaluations in zone I I , 5 out of 8 evalua-
tions in zone I I I , and 4 out of 12 evaluations in Zone IV .
Similarly, the mean seed yield of TAG 24 was superior to
the best control in 4 out of 4 evaluations in zone I, 5 out
of 7 evaluations in zone I I , 5 out of 8 evaluations in zone
I I I , and 6 out of 12 evaluations in zone IV. The mean
yield of T A G 24 and the best control in each evaluation
were pooled to arrive at the zonal mean for all evaluations
(Table 1). The pod yield superiority in T A G 24 ranged
between 3.5% and 20.6% in zones, I, I I , and I I I . In zone
IV, the pod yield of T A G 24 was 2.7% less than the
mean pod yield of the best control. However, the superi-
ority in seed yield of T A G 24 ranged f rom 1.4% to
24.9% in all the zones. A l l India mean pod and seed
yields of T A G 24 were 2.58 and 1.83 t ha-1, respectively
(Table 1).
A l l the control cultivars in the four zones were also
compared wi th T A G 24 individual ly. T A G 24 showed
3 1 % superiority in pod yield in 87 out of 113 trials and
30% superiority in seed y ie ld in 91 out of 105 trails over
the most popular cultivar, JL 24. Similar ly, T A G 24
out-yielded other prominent control cultivars also in
more than 50% of the trials (Table 2).
These results f rom coordinated trials suggest that
T A G 24 has wider adaptability than the recommended
area of its cultivation. This could be due to a combination
of several desirable agronomic and physiological traits
such as semidwarf habit, high harvest index, tolerance




Yie ld (kg ha-1)
IncreaBest control T A G 24 se (%)
Zone1 Evaluations Trials Pod Seed Pod Seed Pod Seed
I 1994-97 4 4 1374 948 1658 1184 20.6 24.9
11 1987-97 7 29 2492 1648 2714 1836 8.8 11.4
I I I 1987-94 8 86 2451 1709 2536 1813 3.5 6.1
I V 1990-97 11 27 2780 1922 2706 1949 - 2 . 7 1.4
Pooled mean - - 2498 1716 2582 1826 3.4 6.4
1. Zone I = Uttar Pradesh, Punjab, Haryana, Nor th Rajasthan.
Zone II = Gujarat, Nor th Maharashtra, Madhya Pradesh.
Zone I I I = Western and Southern Maharashtra, Andhra Pradesh, Orissa, Tami l Nadu, Karnataka. Kerala.
Zone IV = Bihar , West Bengal , Tr ipura , Assam, Andaman.
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Table 2. Comparative yields of T A G 24 against 11 control cultivars in Al l India Coordinated rabi/summer
varietal trails (1987/88 to 1996/97).
Mean yield (kg ha-1) Superiority of T A G 24 over control
Pod1 Seed % increase No. of trials
Control T A G 24 Control T A G 24 Control Pod Seed Pod Seed1
J L 2 4 2665 2032 1843 1423 31 30 87/113 91/105
ICGS 11 2565 2558 1845 1754 3 5 31/75 37/71
T M V 2 2785 2000 1814 1421 39 28 38/54 37/53
ICGS 44 2811 2616 1993 1828 7 9 32/54 32/50
SB X I 2588 1849 1833 1265 40 45 47/53 44/50
J 11 2507 2244 1805 1632 12 11 25/44 25/40
ICGV 86590 2412 2270 1710 1496 6 14 21/38 25/37
G G 2 2420 2260 1747 1577 7 11 12/16 11/13
ICGS 37 2836 2704 1944 1761 5 10 9/16 9/16
V R I 3 3046 2844 2277 2176 7 5 8/14 6/13
ICGS 1 1100 800 745 496 38 50 3/3 3/3
1. Number of trials with superior yield/total number of trials.
to late leaf spot, and bud necrosis (Patil et al. 1995), and
acid soils (Basu 1997), and better water-use efficiency
(AC1AR 1995).
References
Australian Centre for International Agricultural
Research ( A C I A R ) . 1995. Selection for water-use
efficiency in grain legumes. ( A C I A R PN 9216) Annual
Report. Canberra, Australia: Australian Centre for
International Agricul tural Research. 10 pp.
Basu, M.S. 1997. Rabi/summer groundnut research un-
der the A l l India Coordinated Project: Summary-cum-
Project Coordinator's Report, page II in Progress Report
1996-97. Rabi/summer Groundnut Workshop. 6 -7 Oct
1997, National Research Centre for Groundnut (NRCG),
Junagadh. Junagadh, India: Project Coordinating Unit,
Groundnut ( ICAR) , NRCG.
Patil, S.H., Kale, D.M., Deshmukh, S.N., Fulzele, G.R.,
and Weginwar, B.G. 1995. Semi dwarf, early maturing
and high yielding new groundnut variety, TAG-24.
Journal of Oilseeds Research 12:254-257.
E v a l u a t i o n o f G r o u n d n u t Genotypes f o r
R a i n f e d Cond i t ions i n the N o r t h e r n
Coas ta l Z o n e o f A n d h r a P r a d e s h , I n d i a
V Raja Rajeswari (Regional Agricultural Research
Station, Acharya N G Ranga Agricultural University,
Anakapalle 531 001, Andhra Pradesh, India)
Groundnut is grown in about 0.12 m ha in the northern
coastal districts (Srikakulam, Vizianagaram, and Visakha-
patnam) of Andhra Pradesh. However, the average
yields are low (0.8 t ha-1). Excessive vegetative growth
due to high humidity and soil moisture conditions, and
cloudy weather during the rainy season (khari f ) result in
poor pod yields. In addition, lack of seed dormancy is a 
major constraint in groundnut cultivation in these districts.
The present study was undertaken to identify genotypes
that can give higher yields than the currently grown
popular varieties, such as T M V 2, JL 24, and Kadir i 3 in
spite of the above constraints.
Eleven genotypes of groundnut including T M V 2, JL
24, and Kadir i which were regarded as controls, were
raised in a randomized block design with three replications
during the 1998 rainy season at the Regional Agricultural
Research Station, Anakapalle. The soils were sandy
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Table 1. Comparison of developmental and morphological characters in different groundnut genotypes during































TG26 27 98 10.7 56.7 57.6 77.6 0.8 13.4 10.5 0.9 9.5 19.4
K 150 25 108 18.0 45.3 58.8 71.2 1.2 9.5 15.6 1.5 9.2 23.9
ICGS 44 31 103 13.0 38.9 41.1 54.1 1.2 10.2 9.4 1.2 8.6 16.3
K 134 25 109 16.0 45.5 58.3 79.7 1.1 12.3 14.6 1.0 10.6 27.1
Y L G 3 32 104 13.2 40.4 45.2 51.6 1.2 11.2 11.5 0.9 9.7 14.9
ICGS 65 32 105 12.2 35.6 38.5 45.4 1.2 9.5 10.6 0.9 8.0 18.4
K 1128 29 109 18.5 50.7 54.9 87.0 1.5 14.6 7.1 1.3 11.8 19.1
K 153 27 109 18.2 55.8 72.3 91.7 1.5 12.2 6.7 1.4 10.9 17.5
Controls
JL24 30 100 15.8 46.6 60.9 68.1 1.4 13.2 9.8 1.3 10.5 17.9
Kadiri 3 30 100 11.8 34.8 38.9 51.8 1.2 10.0 9.6 1.1 9.3 21.3
T M V 2 28 104 16.0 45.2 55.8 83.9 1.0 11.4 10.1 0.9 11.5 19.3
Mean 29.0 104.5 14.9 45.0 52.9 69.3 1.2 11.6 10.5 1.1 10.0 19.5
SE ±1.15 ±0.89 ±1.65 ±1.29 ±1.73 ±3.96 ±0.17 ±0.68 ±0.41 ±0.11 ±0.58 ±0.79
CD (P = 0.05) 3.40 2.70 4.88 3.81 5.11 11.68 0.51 2.01 1.20 0.34 1.71 2.35
CV (%) 7.0 2.4 19.3 5.0 5.7 9.9 25.0 10.2 6.7 17.7 10.1 7.1
loam, low in nitrogen (250 kg ha-1), but medium to high
in available phosphorus (11-13 kg ha-1), and potassium
(115-210 kg ha-1). The soil pH ranged between 6.5 and
7.8. Each genotype was grown in six rows 3 m long wi th
a spacing of 30 cm between rows and 10 cm between
plants within the rows. The recommended dose of fertilizers
(20 kg N + 21.85 kg P + 33.35 kg K ha-1) and standard
practices were adopted in raising the crop. A total rainfall
of 1070.3 mm was received during the crop growth period
(Ju l -Oct ) . The average rainfal l over the past 10 years
has been 748.3 m m .
Data on developmental and morphological characters
are presented in Table 1.K 134 and K 150 were early in
f lower ing but matured later than other test genotypes.
TG 26, JL 24, and Kadi r i 3 matured early. Plant height
increased progressively f rom 30 days after sowing
(DAS) to harvest in a l l the genotypes. K 153, K 1128,
T M V 2, K 134, and TG 26 had a tal l growth habit whi le
ICGS 65, Y L G 3, ICGS 44, and Kadi r i 3 were shorter at
harvest. Leaf dry mass peaked at 60 DAS for most of the
genotypes except for K 150, K 134, Y L G 3, and ICGS
65. The more vigorous genotypes continued to put on
leaf mass even up to 90 DAS. L ike plant height, stem
dry mass increased progressively and was maximum at
90 DAS in all genotypes.
The number of pods plant-1 varied f rom 16.8 ( T M V 2)
to 22.8 ( ICGS 65). Of the genotypes ICGS 65, K 134,
ICGS 44, and K 153 produced signif icantly more pods
plant-1 than the best control, JL 24 (Table 2). However,
pod yield plant-1 was signif icantly higher only in ICGS
44 and ICGS 65. Hundred pod mass varied f rom 63.3 g 
(K 153) to 83.7 g (JL 24) wi th a mean value of 73.7 g.
None of the genotypes was superior to JL 24 in 100 pod
mass. No genotype had a signif icantly greater shell ing
percentage than T M V 2, which was the best control for
this trait.
ICGS 65 (1.5 t ha-1), and K 134 (1.4 t ha-1) produced a 
signif icantly higher pod y ie ld than the best control ,
Kadiri 3 ( 1 2 t ha-1) (Table 2). These genotypes also recorded
more pods plant-1. The present study suggests that
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Table 2. Performance of groundnut genotypes at Anakapalle, Andhra Pradesh, India, rainy season, 1998.
Number o f Pod y ie ld Hundred Shel l ing Pod y ie ld
Genotype pods plant-1 plant-1 (g) pod mass (g) percentage (t ha-1)
T G 2 6 18.4 10.9 68.0 62.0 1.2
K 1 5 0 20.6 13.8 71.3 68.0 1.1
I C G S 4 4 21.7 16.9 76.3 67.7 1.3
K 134 22.0 16.6 83.3 66.3 1.4
Y L G 3 18.0 15.1 69.3 63.5 1.2
ICGS 65 22.8 17.0 74.3 66.6 1.5
K 1128 19.2 13.1 74.3 61.1 0.8
K 1 5 3 20.9 8.5 63.3 62.9 0.8
Controls
J L 2 4 18.5 14.5 83.7 64.7 0.9
Kadir i 3 17.9 10.9 80.3 63.3 1.2
T M V 2 16.8 12.5 66.3 66.5 0.9
Mean 19.77 13.62 73.70 64.74 1.09
SE ±0.76 ±0.81 ±1.29 ±0.68 ±0.06
C D (P = 0.05) 2.24 2.39 3.81 2.00 0.16
C V (%) 7.60 10.30 3.03 1.82 8.82
K 134, ICGS 65, and ICGS 44 are l ikely to be more
adapted to rainfed conditions in this northern coastal
zone characterized by low l ight, high rainfal l , and high
humidi ty because of their l imited vegetative growth,
shorter internodal length, and high pod yield.
Release o f C u l t i v a r s o f Y u e y o u 5 a n d
Y u e y o u 7 9 i n G u a n g d o n g , C h i n a
Liang Xuanqiang, Li Shaoxiong, Li Yicong, and
Zhou Guiyuan (Crops Research Institute, Guangdong
Academy of Agricultural Sciences, Wushan 510640,
Guangzhou, China)
Yueyou 5 and Yueyou 79, Spanish type groundnut
cult ivars, were developed in 1998 by the Crops Research
Institute, Guangdong Academy of Agricultural Sciences,
and released by the Guangdong Provincial Crops
Approval Committee in 1999. Yueyou 5 was derived from
[(Yueyou 116 x PI 381622) F1 x Yueyou 116] F1 x 
(Giuyou 28 x ICG 8641) F2 using the modif ied pedigree
method. The PI 381622 and ICG 8641 were introduced
from ICRISAT. In the Guangdong Provincial New
Groundnut Varieties Tr ia l from 1995 to 1997, Yueyou 5 
outyielded the local control cult ivar by 9.8%. Plant
characteristics of Yueyou 5 are shown in Table 1.
Yueyou 5 matures 6 -7 days earlier than the local control
cult ivar. Under natural condit ions i t showed h igh
resistance to rust (scoring 3.5 on a 1-9 scale) and
moderate resistance to early leaf spot. It is recommended
Table 1. Characteristics of groundnut cultivars Yueyou 5 
and Yueyou 79.
Characteristics Yueyou 51 Yueyou 79
Days to maturity 115 122
Pods plant-1 14 16
100-pod mass (g) 180 185
100-seed mass(g) 72.5 73
mature pod (%) 85.8 84.1
Pod yield (t ha-1) 4.1 4.5
Seed y ie ld (t ha-1) 2.86 2.92
Shelling percentage 72.0 71.7
Oi l content (%) 52.2 52.0
Protein content (N x 6.25) (%) 26.5 32.5
O/L value2 0.97 1.67
1. Mean of data from Guangdong New Groundnut Varieties Trials.
1995-1997.
2. O/L value=oleic/linoleic acid ratio.
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for general cult ivation in Guangdong Province and
other parts of South China. Yueyou 5 also performed
wel l in the northern part of Vietnam.
Yueyou 79 was derived from (Yinduhuapi x Yueyou
116) F10 x Yueyou 116 using the modi f ied pedigree
method. Yinduhuapi (Chinese name) was introduced
from ICR1SAT (exact name unknown) wi th high
resistance to rust, bacterial w i l t , and root rot, and wi th
good seed quali ty. The traits of Yueyou 79 are shown in
Table 1. In the Guangdong Provincial New Groundnut
Varieties Tr ia l from 1995 to 1997, the mean yield of
Yueyou 79 was 4.5 t -1 and it outyielded the local control
variety by 1 1 % . It showed high resistance to rust (scoring
3.5), to bacterial w i l t under art i f icial inoculation (wi l t
incidence 15%), and high resistance to root rot under
f ie ld conditions. Yueyou 79 has a high protein content
(32.5%), which is the highest protein content of the
cultivars developed in China so far. It is adapted to
various cropping systems and is gradually replacing the
o ld cultivars in southern China.
S w a t P h a l l i - 9 6 : A H i g h - Y i e l d i n g ,
S h o r t Season G r o u n d n u t V a r i e t y
f o r N o r t h W e s t F r o n t i e r P r o v i n c e ,
P a k i s t a n
A Khan (Agricultural Research Station, Mingora, Swat,
Pakistan)
Groundnut is an important oilseed crop of rainfed areas
of Pakistan. It is consumed mostly as roasted nuts. North
West Frontier Province (NWFP) contributes about 1 1 %
to the total national groundnut production. In the NWFP,
57% of the total cult ivable area remains fal low in the
khar i f (rainy) season due to low and unreliable rainfal l .
Sometimes high intensity rains cause soil erosion and
other related calamities. To conserve soil deterioration
and maintain the eco-soil environmental balance for
sustainable crop production, it is preferable to grow
safer, economical and more remunerative crops l ike
groundnut. For this purpose there is scope to increase the
groundnut area, production, and productivity in N W F P
by cult ivat ing high-yielding, short season groundnut
varieties in the khar i f season (Apr -Nov /Dec) . The
Provincial Seed Counci l on October 20,1996, released a 
Virginia bunch variety 'Swat Phal l i -96' for commercial
cult ivat ion in NWFP. It is a pure line selection from a 
US Virg in ia bunch var iety made at the Agr icu l tu re
Research Station, Mingora (Swat). It is a semierect type,
maturing in 130-135 days. It has a pod y ie ld (mean of
6 years) of 2.99 t ha-1 and haulm yield (also mean of
6 years) of 4.26 t ha-1. The average height of the main
axis of the plant is 22 cm. It has dark green foliage wi th
medium-sized leaflets. The pod is medium in size and
has moderate to prominent reticulation wi th a parrot-like
pod beak. Pod constriction is medium. Pods are mostly 2 -3
seeded and clustered around the main tap root in the soil.
The average shelling percentage is 70% wi th pinkish-
colored seeds that are bold in size (100 seed mass is 70 g).
They contain 4 6 % oi l and 2 9 % protein. I t is tolerant of
the common diseases of groundnut l ike root rot (caused
by Macrophomina phaseolina) and Cercospora leafspots.
It also possesses fresh seed dormancy of about 3 months.
Y u e y o u 2 2 3 : A H i g h - Y i e l d i n g Ch inese
C u l t i v a r w i t h G o o d Resistance t o R u s t
Liang Xuanqiang, Li Yicong, Li Shaoxiong, and
Zhou Guiyuan (Crops Research Institute, Guangdong
Academy of Agricultural Sciences, Wushan 510640,
Guangzhou, China)
Rust (Puccinia arachidis) is the most widely distributed
and economically important groundnut disease in southern
China causing annual yield losses of 20 -30%. It was
essential to develop high-yielding cultivars wi th good
resistance to rust to improve groundnut productivi ty in
China.
The groundnut cult ivar Yueyou 223, a Spanish type,
was developed by the Crops Research Institute, Guangdong
Academy of Agricultural Sciences, and released by the
Guangdong Provincial Crops Approval Committee in
1993, and by the National Crops Varieties Approval
Committee in 1998 as a national groundnut variety.
Yueyou 223 was derived from multicross Shanyou 27
x [Ec76446 (292) x Yueyou 431] F4 using the modif ied
pedigree method. Shanyou 27 was one of the popular
cultivars wi th high y ie ld but low resistance to rust in
South China in the 1980s. Ec76446 (292) was introduced
from ICR1SAT and was evaluated as excellent germplasm
wi th good resistance to rust in China. Yueyou 431 was
an advanced breeding line w i th b ig pods. From 1988 to
1990, in National Groundnut New Varieties Trials
(Southern Part), the dry pod yield of Yueyou 223 averaged
3.72 t ha-1 over 14 locations outyielding the control,
Yueyou 116, by 12.5%. In a field demonstration test
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(3 ha), Yueyou 223 gave 3.6 t ha-1 and 14.3% more y ie ld
than the control cultivar. Reaction of Yueyou 223 to rust
was evaluated from 1990 to 1992. It showed good resis-
tance (score 3.0) under art i f icial inoculation.
Yueyou 223 matures in 115 days in the spring season
and 110 days in the autumn season. It has an erect growth
habit. The main stem is 50.2 cm high. Two-seeded pods
account for 79% of all pods. The 100-pod mass is 210 g,
and 100-seed mass is 80 g. Its shelling percentage is
72.5% and the seeds contain 51.3% oi l and 28.6% protein.
Since Yueyou 223 has desirable characteristics of y ie ld,
improved pod and seed quality, and good resistance to
rust it was recommended for cult ivation in the south and
central part of China and it has covered about 60 mi l l ion
ha in these regions.
P a r t i c i p a t o r y E v a l u a t i o n o f G r o u n d n u t
C u l t i v a r s i n N o r t h e r n N i g e r i a
R Tabo
1
, A O Ogungbile
2
, B R Ntare
1




3 (1 . International Crops Research Institute
for the Semi-Arid Tropics (ICRISAT), BP 320, Bamako,
Mali; 2. Institute for Agricultural Research/Ahmadu
Bello University, PMB 1044, Zaria, Nigeria; 3. Interna-
tional Crops Research Institute for the Semi-Arid Tropics
(ICRISAT), PMB 3491, Kano, Nigeria)
Groundnut (Arachis hypogaea L.) is the most important
cash and food legume crop in the Sudan Savanna
agroecological zone of Nigeria, but its production has
been adversely affected by drought and rosette disease
(Yayock et al. 1976, Olorunju et al. 1992). Recent
collaborative research efforts by ICRISAT, the Institute
for Agricultural Research ( IAR) , Samaru, Nigeria, and
other nat ional agr icul tural research systems have
resulted in the development of some promising groundnut
cultivars tolerant to drought and rosette disease. These
promising varieties were evaluated in farmers' fields in
northern Nigeria during 1996 in collaboration w i th
IAR, wi th the objectives of assessing their performance,
acceptability by farmers and costs of production.
The improved varieties tested, ICGV 86015 and
Fleur 11, which were nominated by ICRISAT, are early
maturing (90-100 days to maturity) and can therefore
escape terminal drought, a common occurrence in this
region. Also tested was UGA 2, a medium maturing line
(110-120 days to maturity) developed by I A R and resis-
tant to groundnut rosette virus disease. These three were
compared with a local variety. The study was carried out
in Jigawa, Kano, and Katsina states in northern Nigeria.
Three villages were chosen in each state on the basis of
rainfall gradient. Table 1 shows the biophysical details
of the nine study villages. There were 14 participating
farmers in Jigawa, 19 in Kano, and 14 in Katsina states.
These farmers were selected based on their previous
interaction with extension agents and on their will ingness
to collaborate in this work. Plot sizes were about 0.1 ha.
Table 2 shows the mean pod yields in the nine villages
of the three states. There was no significant difference
among yields of varieties across the nine villages. ICGV
86015 performed relatively better than the other varieties
in al l the states. A l l the improved varieties maintained
stable yields across the states, but ICGV 86015 and
Table 1. Location and bio-physical details of nine selected villages in northern Nigeria.





State Latitude Longitude (mm)
Kano Kofa S. Sudan 11° 34' 8° 17 Loamy 898
Panda S. Sudan n ° 3 r 8° 04' Loamy 875
Badume N. Sudan 12° 12' 8° 19' Sandy 704
Jigawa Kantoga S. Sudan 11° 30' 9° 23' S. Loam2 850
Dalari N. Sudan 12° 36' 9° 48' Sandy 639
Gi j igami N. Sudan 12° 34' 9° 25' Sandy 673
Katsina Gora S. Sudan 11° 55' 7° 43' Loamy 1050
Rimaye N. Sudan 12° 19' 7° 54' Loamy 728
Barhim N. Sudan 12° 58' 7 0 4 , . Sandy 734
1. S.Sudan = South Sudan; N. Sudan - North Sudan.
2. S. Loam = Sandy loam.
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U G A 2 performed better in the drier North. Rainfal l was
adequate and reasonably wel l distributed in all the states,
and d id not, therefore, constitute a major constraint to
crop performance dur ing the year of the study (Table 1).
Y ie ld levels were not as high as expected probably due to
other factors such as poor crop management by farmers,
poor soil fert i l i ty, and biotic stresses.
Labor costs constituted about 80% of the total pro-
duction costs whi le the costs of inputs made up only a 
small proportion of the total costs of production (Table 3).
Table 2. Mean yields (t ha
-1
) of groundnut cultivars in
nine villages in Kano, Jiga wa and Katsina states in
northern Nigeria.
State/village I C G V 86015 Fleur 11 U G A 2 Local
Kano state
Kofa 1.16 0.98 0.97 1.10
Panda 1.11 0.96 0.96 0.96
Badume 1.19 0.99 1.00 1.00
Jigawa state
Kantoga 1.05 1.11 1.02 1.25
Dalar i 1.25 1.05 1.11 0.92
Gi j igami 1.13 0.90 1.13 1.11
Katsina state
Gora 0.99 0.93 0.93 0.91
Rimaye 0.99 0.92 1.16 1.00
Barh im 0.96 0.93 0.92 0.92
Mean 1.09 0.97 1.02 1.02
SE ±0.100 ±0.069 ±0.088 ±0.114
Table 3. Costs and returns of producing different groundnut cultivars in northern Nigeria.
ICGV 86015 Fleur 11 UGA 2 Local
Output (t ha-1) 1.09 0.97 1.02 1.02
Gross revenue (N ha-1) 21 880 19 480 20 500 20 400
Labor cost (N ha-1) 6220 6200 6040 6120
Other costs (N ha-1)
Seeds 1000 1000 1000 1000
Ferti l izer 800 800 800 800
Depreciation 500 500 500 500
Total cost (N ha-1) 8520 8500 8340 8420
Net income (N ha-1) 13 360 10 980 12 160 11 988
Returns (N ha-1) 63.00 55.42 41.71 59.15
Y ie ld required to cover cost (t ha-1) 0.43 0.42 0.42 0.42
1. 1$ US = N 80.
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The variety ICGV 86015 yielded the highest net return
per ha (N 13 360) fo l lowed by U G A 2 (N 12 160), the
local variety (N 11 988) and Fleur (N 10 980) (Table 3).
The positive returns per hour indicate that more labor
could stil l be used profitably for producing these varieties.
A l l the farmers obtained pod yields above the average
yield of 0.40 t ha-1 required to cover the costs of production.
The characteristics of the varieties which farmers
considered as desirable included high pod and reason-
able haulm yields, large seed size, early maturi ty, and
tolerance to drought and rosette disease. Most farmers,
particularly in the villages of Dalari , Panda, Kantoga,
and Gora preferred ICGV 86015 because crop establishment
was satisfactory under drought conditions and it was
early maturing. The seed size was acceptable and the
pods were wel l f i l led. The haulm yields were also satis-
factory. Farmers, however, reported problems of damage
due to termite attack. Fleur 11 was liked by farmers because
of its early maturity and good pod yield. The quantity
and quality of haulms were, however, adversely affected
by late leaf spot (Phaeoisariopsis per sonata) disease.
UGA 2 had good quality haulms. It was later maturing
and tolerant to aphid attack. It also had acceptable pod
yield and the seeds were large.
Participating and nonparticipating farmers were excited
about the performance of the cultivars tested. At the end
of the cropping season the farmers exchanged seeds
among themselves for sowing in the next cropping season.
During two separate agricultural shows that were organized
by the Local Government Areas (LGAs) of Kano and
Jigawa states, farmers displayed, on their own init iative,
samples of the three varieties, ICGV 86015, Fleur 11,
and UGA 2.
This participatory on-farm evaluation of groundnut
cultivars, which was a part of a larger diagnostic study,
facil itated the characterization of production systems
and the selection of benchmark sites in the study area.
The study exposed farmers to new groundnut varieties
from research and they were enthusiastic about growing
them. This should further enhance the release process.
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D e v e l o p m e n t o f Spanish G r o u n d n u t
Genotypes w i t h F r e s h Seed D o r m a n c y
P Manivel, R K Mathur, A Bandyopadhyay, and
T G K Murthy (National Research Centre for
Groundnut, PO Box 5, Junagadh 362 001, Gujarat,
India)
Lack of fresh seed dormancy in the Spanish groundnut
(Arachis hypogaea L. subsp fastigiata var vulgaris) is
one of the major problems l imi t ing its productivity.
Hence, evolv ing Spanish groundnut varieties wi th
genetically bui l t- in dormancy is desirable. This paper
reports on some dormant Spanish genotypes bred at the
National Research Centre for Groundnut, Junagadh,
Gujarat, India.
Both direct and reciprocal crosses were made
between GG 2, a high-yielding but nondormant Spanish
groundnut cultivar and G A U G 10, a Virginia bunch
(Arachis hypogaea L. subsp hypogaea var hypogaea)
cult ivar wi th a fresh seed dormancy period of up to 35
days, to incorporate dormancy (Wadia et al. 1987).
Twenty-three advanced breeding lines of bunch growth
habit were derived by pedigree selection and tested for
fresh seed dormancy in summer, 1998. Sound mature fresh
seeds collected from these cultures were tested for
germination fo l lowing International Seed Testing
Association ( ISTA) rules, 1985. The germination test was
conducted immediately after harvest and at 5-day
intervals up to 35 days. Those cultures showing more
than 10% germination immediately after harvest were
discarded as they lacked dormancy. Two promising
advanced breeding lines wi th fresh seed dormancy,
PBS 16004 and PBS 16005, were identif ied (Table 1).
Table 1. Promising fresh seed dormant advanced




Genotype Pedigree (kg ha-1) (days)
PBS 16004 G A U G 10 x GG 2 3538 15-20
PBS 16005 G A U G 10 x G G 2 2275 10 - 1 5
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E v a l u a t i o n o f A d v a n c e d B r e e d i n g
Lines o f G r o u n d n u t fo r Resistance
t o T h r i p s a n d A p h i d s
M Y Samdur, V Nandagopal, R K Mathur, and
P Manivel (National Research Centre for Groundnut,
PO Box 5, Junagadh 362 001, Gujarat, India)
In groundnut the Sesbania thrips (Caliothrips indicus 
Bagnall) and aphid (Aphis craccivora Koch) are the major
sucking pests. They occur in almost all the groundnut-
growing areas of India and particularly in the Saurashtra
region of Gujarat where the infestations warrant the
application of synthetic pesticides (Upadhyay and Vyas
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1986, Acharya and Koshiya 1993). The fol iar damage
due to thrips ranged from 29 to 3 0 % (Nandagopal and
Vasantha 1991). Both these insects occur during the
early period of vegetative growth. The infestation of thrips
is generally noticed in groundnut around 20 days after
sowing (DAS). Though the yield loss due to aphid feeding
may not be significant, its role as a vector of peanut stripe
virus (PStV) disease cannot be overlooked (Singh et al.
1993). Hence identification of resistant/tolerant groundnut
varieties wou ld be useful in breeding for resistance to
these insects.
Table 1. Number of thrips eggs per leaf, aphid visual




No. of eggs Visual Pod yie ld
per leaf scores per plant
Culture (thrips) (aphids) (g)
PBS 11023 5.1 2.7 5.2
PBS 11046 5.7 2.4 10.6
PBS 12067 5.1 3.1 7.6
PBS 12102 13.2 2.8 11.2
PBS 14021 5.5 3.1 12,4
PBS 20026 6.0 3.9 4.9
PBS 20055 10.7 2.9 8.7
PBS 21020 2.6 2.0 12.6
PBS 23031 3 . 6 2.4 17.2
PBS 21063 7.8 1.8 5.9
PBS 22017 5.1 4.0 17.5
PBS 22023 15.1 3.0 6.4
PBS 22028 8.4 2.0 3.6
PBS 23003 1.4 1.8 7 . 9
PBS 23007 6.1 2.8 3.9
PBS 24002 9.0 2.4 7.1
PBS 24004 7.1 3.5 14.3
PBS 24005 0.5 2.1 3.5
PBS 24006 1.0 2.1 9.5
PBS 24030 1.0 2.5 5.3
PBS 24040 2.0 4.0 14.8
PBS 29022 6.8 3.4 9.5
PBS 29030 14.7 3.8 3.0
Code 5 5.1 2.8 7.0
Code 26 8.7 2.8 8.7
G G 2 5.2 3.5 17.2
Gimar 1 2.1 3.0 10.5
J L 2 4 8.9 4.0 11.0
SE ±2.96 ±0.31 ±1.80
C D (P = 0.05) 8.19 0.87 4.97
1. Mean of 3 replications.
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Under net house conditions 28 cultures comprising
25 advanced breeding lines and three released varieties
were sown in a complete randomized block design w i th
three replications, each wi th 45 cm spacing between rows
and 10 cm between plants wi th in a row. Between 20 and
25 days after emergence these plants were infected wi th
adult thrips and eggs. These thrips had been reared in
the laboratory by mul t ip ly ing adult thrips netted in the
f ield by placing them on 20-day o ld seedlings in indi-
vidual trays covered by net so that the thrips population
could bui ld up over 7-10 days. These trays, w i th 2 5 0 -
300 thrips per tray, were placed between the rows of
advanced breeding lines and left undisturbed for infes-
tation of the foliage of the cultures. The sampling of
leaves was done 50 DAS by collecting 10 leaves at random
(4th leaf from the top) per culture per replication and
these were stored in plastic bottles containing 100 ml
dimethyl sulphoxide (DMSO) solution to remove the
chlorophyl l pigments. The leaves were later stained with
0.5% acid fuchsin and thrips eggs were counted under a 
dissection microscope fo l lowing Nandagopal and Soni
(1994). The data on aphid infestation were recorded by
visual scoring on 0 -4 scale similar to Bhakhetia (1980).
The results indicated that the number of eggs laid per
leaf varied from 0.5 to 15.1 (Table 1). The lowest number
of eggs was recorded in the culture PBS 24005 (0.5)
fol lowed by PBS 23003 (1.4), PBS 24006 (1.0), 24030
(1.0), PBS 24040 (2.0), Girnar 1 (2.1), PBS 21020 (2.6),
and PBS 21031 (3.6) and these were considered to be
resistant. The remaining cultures recorded more than
5 eggs per leaf. The cultures PBS 20055, PBS 29030,
and PBS 22023 recorded the highest number of eggs
ranging from 10 to 15.1 and were categorized as susceptible.
Less aphid infestation was observed in the cultures of
PBS 24005, PBS 24006, PBS 24030, Girnar 1, PBS 21031
and PBS 21020 and these were categorized as moderately
resistant. The culture PBS 23003 possessed resistance
against both the sucking insects (Table 1). In spite of the
higher number of thrips and aphid damage the culture
PBS 22017 recorded higher yield (17.5 g) and GG 2 had
a yield of 17.2 g, so they were considered to be tolerant.
As the evaluation was carried out under heavy population
pressure, the genotypes showing resistance may therefore
be further uti l ized in breeding programs.
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PO Box 1096, Lilongwe, Malawi; 2. NRI/University of
Greenwich, Chatham, Kent ME4 4TB, UK)
Aphis craccivora Koch is a major pest of groundnut
(Arachis hypogaea L.) causing yield losses by feeding on
phloem sap and through transmission of virus diseases
(Padgham et al. 1990, Feakin 1973). It is a vector of at least
seven viruses that attack groundnuts, the most important
of which are groundnut rosette virus (GRV) in Afr ica and
peanut stripe virus in Asia.
Host-plant resistance to A. craccivora in groundnut
is recognized as the most effective, economic and sustain-
able method of l imi t ing both the spread of the aphid and
the viruses (Padgham et al. 1990). Evans (1954) demon-
strated that host-plant resistance restricted the spread of
GRV in Tanzania and subsequent studies confirmed this
in Malawi (ICR1SAT 1988). A m i n (1985) suggested
that resistance mechanisms in groundnut could deter
colonization by immigrant alatae and could also reduce
their fecundity. Screening of germplasm f rom various
regions by ICRISAT has led to the identi f icat ion of
aphid-resistant groundnut genotypes ( ICRISAT 1988).
Through the global groundnut breeding activities of the
ICRISAT Chitedze Research Station near L i longwe,
Malawi , breeding lines and elite groundnut varieties
were screened for aphid resistance after demonstrating
field resistance to rosette virus infections during the
1998/99 cropping season.
Thirty-seven breeding populations (F6) were compared
to four standard controls (CG7, a rosette-susceptible but
h igh-y ie ld ing medium-durat ion groundnut var iety
released in Malawi, Zambia, and Uganda; JL 24, a rosette-
susceptible short-duration groundnut variety originating
from India and released in Malawi and Zambia; ICG 12991,
a short-duration rosette-resistant variety at final evalua-
t ion; and EC 36892, a medium-duration groundnut
aphid resistant variety from ICRISAT Genetic Resources
Unit) in a screenhouse experiment.
The F6 populations were selected from four crossing
combinations. The variety EC 36892 was the female parent
and the source of resistance to A. craccivora. The male
parents and the progenies expressed host-plant resistance
to rosette virus under high disease pressure conditions in
Malawi . The objective of the crosses was to combine
rosette virus resistance wi th resistance to the vector
(A. craccivora). The details of pedigrees are presented
in Table 1.
Table 1. Pedigree of the groundnut varieties derived
from crosses involving a female aphid-resistant parent
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In the screenhouse, three seeds of each genotype were
sown in plastic pots (13 cm top diameter, 13 cm high)
containing a local A l f i so l . There were ten replicates in a 
randomized complete block design. The soil in the pots
was constantly kept moist. Six days after sowing (DAS)
the seedlings were inspected and thinned to one per pot.
Eight days after sowing, single f irst instar aphid nymphs
from a culture maintained on a susceptible groundnut
variety, Mal imba, were introduced onto the tender leaf
of each seedling. Af ter conf i rming that each nymph was
moving about on the area of placement, each pot was
covered by a crisp bag and secured in place. Aphids were
left to move freely along plants and feed. Dai ly observa-
tions were maintained on the development of nymphs to
adults and reproductive l i fe. New first instar nymphs
were observed on some of the lines six days after first
instar infestation ( D A F I ) on plants. The adults were left
to reproduce for five days after which the first colony
count was made (10 D A F I ) on each plant. The plants
were secured in place for the colonies to develop further
for another five days and care was taken to avoid distur-
bance. A second colony count was made at 15 D A F I to
get an overview of any further population growth over
t ime.
The results indicated that first instar aphid nymphs
established on al l genotypes tested (Table 2). The rate of
nymphal growth and t ime taken to produce new offspring
nymphs varied between genotypes. There were highly
significant differences (P<0.001) of offspring population
counts between the 41 genotypes at the two counting
dates. Among the genotypes selected from previous field
trials, aphid fecundity at 10 and 15 D A F I showed that
ICG 12991 had the lowest rate of nymph development,
low fecundity, and relat ively smaller-sized aphids
compared w i th EC 36892, CG 7, and JL 24.
The aphid population counts on eight breeding lines
among the F6 populations and the controls are shown in
Table 2. The results indicated that the genotypes tested
showed varying degrees of resistance to A. craccivora by
reduced aphid growth and fecundity. The level of resistance
in ICG 12991 was signif icantly higher (P<0.001) than
the other control varieties. JL 24 was most susceptible,
with all its plants supporting the highest aphid reproductive
rate compared w i th the other genotypes. Among the
breeding populations, the majori ty showed higher levels
of resistance compared wi th EC 36892 at both 10 D A F I
and 15 D A F I .
Al though screening was only conducted during the
first month of groundnut plant establishment (up to 30
DAS), this period covers most of the stage when groundnut
Table. 2 Mean aphid population counts on F6 groundnut
lines and controls.
Count at Count at





ICGX-SM 94104/P5 19.5 72.2
I C G X - S M 94104/P10 18.6 93.0
ICGX-SM 94108/P1 15.0 46.1
ICGX-SM 94108/P3 18.2 69.9
I C G X - S M 94109/P2 20.3 43.0
ICGX-SM 94109/P3 16.8 66.1
Control
J L 2 4 42.8 265.6
EC 36892 29.2 209.2
C G 7 32.0 294.7
ICG 12991 9.0 14.8
Mean 25.2 105.7
SE ±4.26 ±22.01
LSD (P = 0.05) 11.85 61.28
1. DAFI = Days after first instar infestation.
2. Mean of 10 replications.
plants are vulnerable to rosette virus infections in the
field. If the aphids land on the plant and delay in maturity
which leads to low offspring populations, it would imply
that there could probably be delayed disease spread to
other plants. It is also probable that there are various
factors in the plants which deter the aphids from settling
and developing normally. These prel iminary results,
therefore, support the suggestion by A m i n (1985) and
Kimmins (F M Kimmins, NRI/Universi ty of Greenwich,
Chatham, Kent, U K , personal communication, 1999)
that resistance mechanisms in groundnut could deter
colonization and reduce fecundity. Field experiments to
further assess the populations under natural/artificial
aphid populations and screenhouse trials to establish the
mechanisms of resistance in these genotypes should be
considered as a priority area for immediate research work.
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Early leafspot (Cercospora arachidicola), late leafspot
(Phaeoisariopsis personata), and rust (Puccinia arachidis)
are important foliar diseases of groundnut (Arachis
hypogaea L.) causing severe damage to the crop
(McDonald et al. 1985, Kokalis-Burelle et al. 1997). These
fol iar diseases both reduce the yield and render the
fodder unsuitable as animal feed by causing deterioration
in quality of the plant biomass. Control of these diseases
through application of fungicides not only increases the
cost of cult ivation, but also leads to environmental and
health hazards. Therefore, the development of resistant
cult ivars is one of the best alternatives to reduce the
incidence of these diseases. Attempts have been made at
the National Research Centre for Groundnut (NRCG) to
develop such cultivars/genotypes with the major emphasis
on fol iar disease resistance. Materials developed in this
breeding program have been evaluated for their resistance
to early and late leafspots, and rust.
The tr ial included 29 promising advanced breeding
Virginia genotypes (A. hypogaea subsp hypogaea var
hypogaea) along w i th two control varieties. It was laid
out in a randomized complete block design wi th three
replications during the rainy seasons of 1996 and 1997
at the NRCG, Junagadh, Gujarat. The plots were of 5 rows,
each of 5 m length, wi th interrow spacing of 60 cm and
plant-to-plant distance of 10 cm. The recommended
agronomic practices were fol lowed. Disease severity of
early leafspot (ELS), late leafspot (LLS) and rust were
recorded by adopting a modif ied 1-9 scale under f ie ld
conditions (Subrahmanyam et al. 1995).
The genotypes PBS 20026, PBS 21063, PBS 22028,
CS 19 ( T M V 2 x A. chacoense), and Code 7 (J11 x 
A. cardenasii) were consistently resistant or moder-
ately resistant to ELS during both the seasons (Table 1).
Genotypes PBS 20026, PBS 21063, PBS 23007, and CS
19 recorded scores from 2.7 to 5.0 during both seasons,
and were, therefore, categorized as resistant/moderately
resistant to LLS. Four genotypes, PBS 20026, PBS 21063,
PBS 23007, and CS 19 showed consistently moderate
resistance to ELS, LLS , and rust. The genotype PBS
21063 was also equivalent to the best control, ICGS 44,
for pod yield. The cultivar PBS 23007 also combined a 
high level of resistance to all three diseases and good
yield level. High yield potential and a high degree of
resistance do not generally go together (Nigam et al. 1991).
Lower dry matter partit ioning in rust- and LLS-resistant
genotypes have been reported by Wil l iams et al. (1984).
Hence, a good strategy for resistance breeding would be
the development of genotypes wi th high yield potential
and a moderate level of resistance. Some of the resistant
genotypes reported in this paper may be recommended
for testing their performance under different agroclimatic
conditions and/or further use as donor parents in breeding
programs.
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Table 1. Disease scores for early leafspot (ELS) , late leaf spat (LLS) and rust diseases, and yield and yield-
contributing traits in advanced breeding genotypes of Virginia groundnut during rainy seasons 1996 and 1997,









Genotype 1996 1997 Mean
1
1996 1997 Mean1 1996 1997 Mean
1
percent
PBS 11023 5.4 5.6 5.5 7.5 7.0 7.25 7.0 4.8 5.90 11.26 32.23 68.46
PBS 11046 5.3 5.6 5.4 7.9 7.3 7.60 6.5 4.6 5.55 16.15 37.32 69.22
PBS 20026 3.6 3.8 3.7 4.2 4.3 4.25 4.3 5.2 4.75 10.11 32.36 64.87
PBS 20055 5.0 7.4 6.2 6.2 8.2 7.20 5.8 6.1 5.95 12.40 29.15 71.28
PBS 21020 6.6 5.4 6.0 7.8 8.3 8.05 8.0 5.8 6.90 17.55 29.05 61.41
PBS 21031 6.5 6.2 6.3 8.2 8.1 8.15 7.6 5.5 6.55 16.89 31.41 66.43
PBS 21050 6.9 5.2 6.0 7.5 7.5 7.50 7.4 5.2 6.30 17.56 30.25 64.91
PBS 21063 3.1 3.0 3.0 2.8 4.2 3.50 4.7 4.7 4.70 16.68 36.57 66.97
PBS 22028 4.3 3.6 3.9 5.4 4.1 4.75 5.2 5.2 5.20 18.79 38.56 65.50
PBS 23007 5.1 3.7 4.4 5.0 4.1 4.55 5.4 4.5 4.95 13.09 29.29 57.30
PBS 24001 5.6 6.0 5.8 6.7 7.4 7.05 7.8 5.6 6.70 12.67 29.28 69.35
PBS 24002 4.6 5.3 4.9 5.4 6.8 6.10 6.9 5.9 6.40 13.06 30.20 71.06
PBS 24003 5.7 4.3 5.0 7.3 5.2 6.25 7.6 4.7 6.15 18.89 31.47 71.65
PBS 24004 5.8 5.9 5.8 6.7 6.9 6.80 4.1 5.2 4.65 14.30 27.70 63.70
PBS 24005 4.6 5.3 4.9 5.1 6.8 5.95 5.7 5.3 5.50 17.32 33.83 68.35
PBS 24006 5.2 4.1 4.6 6.5 5.0 5.75 5.9 3.7 4.80 15.40 35.74 70.86
PBS 24030 5.6 5.9 5.7 6.3 7.0 6.65 6.0 5.3 5.65 14.89 35.75 69.35
PBS 24040 4.8 5.5 5.1 6.2 7.3 6.75 7.0 5.8 6.40 13.63 28.26 62.25
PBS 24041 6.6 5.50 6.0 7.5 8.4 7.95 7.7 5.4 6.55 11.07 38.63 66.48
PBS 29022 5.8 6.0 5.9 7.3 7.8 7.55 8.3 5.6 6.95 17.25 30.86 67.34
PBS 29030 6.4 4.6 5.5 6.6 5.7 6.15 7.5 5.3 6.40 15.66 40.78 66.07
CS 19 3.9 1.6 2.7 4.2 2.8 3.50 4.4 2.7 3.55 7.51 29.26 65.74
CS 21 5.8 5.8 5.8 5.7 7.3 6.50 6.4 5.4 5.90 13.94 33.47 70.83
Code 7 5.0 2.7 3.8 5.4 6.0 5.70 5.3 3.1 4.20 11.82 28.00 72.64
Code 11 4.9 4.6 4.7 6.8 5.2 6.00 6.6 4.8 5.70 13.74 29.53 62.94
Code 12 5.4 5.4 5.4 6.3 8.0 7.15 6.2 5.9 6.05 12.25 24.34 64.99
Code 13 5.8 5.7 5.7 7.3 7.2 7.25 6.8 5.6 6.20 12.15 28.72 67.14
Code 30 5.9 3.6 4.7 7.7 6.9 5.80 6.9 3.8 5.35 17.88 37.12 68.18
1CGS 44 6.1 6.1 6.1 7.2 7.8 7.50 7.3 7.4 7.35 16.62 31.97 69.19
Kadiri 3 5.8 6.2 6.0 6.8 7.4 7.10 7.8 4.9 5.85 15.41 31.19 70.13
SE ±0.20 ±0.25 ±0.2 ±0.28 ±0.27 ±0.28 ±0.27 ±0.23 ±0.24 ±1.23 ±2.12 ±1.62
CD (P - 0.05) 0.55 0.69 0.5 0.77 0.75 0.77 0.74 0.63 0.66 3.40 5.85 4.47
CV (%) 6.39 8.78 7.0 7.49 7.45 7.60 7.50 7.89 7.20 23.82 10.97 4.20
1. The means pooled over two rainy seasons.
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in Mozambique
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Contamination of groundnut (Arachis hypogaea L.)
with aflatoxins, the secondary toxic metabolites produced
by fungi of the Aspergillus flavus Link ex Fries group, is a 
serious quality problem (Mehan et al. 1991). The fungi
invade groundnut seeds before harvest, during postharvest
drying/curing, and during storage. Preharvest aflatoxin
contamination is important during the pod development
under drought conditions while postharvest contamination
is significant under wet and humid conditions (Mehan
1987).
Mozambique is the largest producer of groundnut in
southern Afr ica. The crop is grown almost throughout
the country, wi th the largest concentration in Nampula
Province in the northern region. Groundnut plays an
important role both as a food and cash crop for small-
holder farmers in the country. It is an important component
of rural diet and provides supplementary cash income to
women farmers in Mozambique. The crop is grown and
managed mostly by resource-poor farmers, especially
women.
Af latox in contamination is a serious quality problem
in Nampula Province. Loss of international and regional
markets is attributed to poor quality of nuts due to aflatoxin
contamination. South Afr ican companies, which are the
major contacts for the international export market for
Mozambique, discontinued buying groundnuts from
Nampula because of high levels of aflatoxin contamination
(G A de Wi t , South Afr ican Peanut Co., PO Box 172,
Pretoria 0020, personal communication). Hence, there is
a need for systematic evaluation of the incidence and
extent of aflatoxin contamination at the farm level and at
buying points and warehouses. This information wi l l permit
the identification of appropriate methods of management
suitable to smallholder fanners, traders, and exporters.
This paper reports the incidence of fungal infection
and levels of aflatoxin contamination in groundnut
samples collected from farmers at l i f t ing and after drying/
curing, and from traders at buying points.
Soil and cl imate characteristics and groundnut
cultivation
Groundnut-producing areas in Nampula are predominantly
deep, sandy soils. Soils in the western part, in Malema
and Ribawe districts, are heavier and consist of l ight
textured, brownish-red clay loams and sandy clay loams.
Nampula falls in one of the agroclimatic regions wi th
high rainfal l (700-800 mm annum-1), but it is unevenly
distributed. The highest rainfall usually occurs f rom
mid-November to early Apr i l . Severe dry spells are usually
experienced f rom mid-December to late January. Warm
winters and hot summers wi th temperatures rising above
30°C are experienced. Groundnut sowing proceeds from
late-November to mid-January and harvesting begins in
mid-Apr i l . Both short-duration (110 days) and long-
duration (140 days) varieties are grown.
G r o u n d n u t sampl ing and analysis
Thirty-four groundnut samples were collected from
farmers at the time of l i f t ing in 10 districts, and 30
samples after drying/curing in five districts in Nampula
Province. Ten samples were also collected f rom traders
at two different buying points. In each case, approximately
200 g of pods were collected, dried in paper bags, and
the samples were sent to South Afr ica for mycological
examination and aflatoxin analysis.
Seeds were examined at the O i l and Protein Seed
Centre, Potchefstroom, South Afr ica, and the percentage
of moldy seed was determined. Each seed sample (50 g)
was analyzed for the occurrence of aflatoxins at the
Quality Assurance Laboratory, Perishable Products Exports
Control Board, PO Box 40863, Arcadia 0007, South
Afr ica.
Results
The percentage of seed wi th visible mold growth and the
levels of aflatoxin contamination (ug kg-1) in groundnut
samples are presented in Table 1. Of 34 samples collected
at l i f t ing, 13 were contaminated wi th aflatoxins and
eight recorded aflatoxin levels in excess of 30 ug kg -1.
Samples f rom Mecubury, Muabassa, Nampula, Nacaroa,
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Table 1. Percentage of moldy seed and aflatoxin content in groundnut samples collected from farmers' fields at
lifting (10 locations), after drying/curing (five locations), and from traders at buying points (two locations) in
Nampula Province, Mozambique, during the 1997/98 crop season.
No. of Moldy seed (%)1
samples
Af la tox in content (u
Range
g kg-1)
Location tested Range Mean Mean
Samples collected at lifting
Mugovola 7 0 -19 5.0 0-620 167.9
Mecubury 3 1-7 4.7 0 0
Muabassa 1 4 4.0 0 0
Erat i 4 0-19 9.3 0-24 5.9
Muecate 4 0-15 4.8 0-97 24.3
Murrupu ia 5 3-13 7.6 0-1320 750.8
Nampula 2 1-4 2.5 0 0
Ribawe 2 0 - 4 2.0 0 -2 0.8
Nacaroa 5 0 -4 2.2 0 0
Maletna 1 0 0 0 0
Samples collected after drying/curing
Amendo 8 0-8 4.1 0-2740 362.2
Mugovola 6 1-4 1.8 0-1382 230.7
Mecubury 1 4 4 0 0
Erat i 9 6 -48 25.1 0-167 20.5
Murrupuia 6 4 -10 7.0 0 0
Samples collected from buying points
Mugovola 5 0 - 6 2.4 0 0
Nakala 5 32-64 54.0 0-31 10.9
1. Percentage of seeds showing visible moldiness due to infection by A.flavus and Macrophomina phaseolina (Tassi) Ooid.
and Malema were free of aflatoxins. Fifteen samples
showed visible mold growth, but were free of aflatoxins.
Two samples from Erati had heavy mold growth but
were free of aflatoxins. Samples from Mugovola and
Murrupuia showed the highest levels of aflatoxin
contamination (620 to 1320 ug kg -1). Out of 30
samples collected from farmers after drying/curing, 10
recorded the presence of aflatoxins and four had in ex-
cess of 30 ug kg -1 . Two samples from Amendo, and one
each from Mugovola and Erati, showed very high levels
of aflatoxin contamination. Several samples f rom Erati
were highly moldy (mean 25.1%) but w i th l i t t le or no
aflatoxin contamination. Of 10 samples collected from
traders, only two showed aflatoxin contamination. A l l
the samples collected from Nakala had very severe mold
growth (mean 54%), but only two contained aflatoxins
(Table 1). The high incidence of mo ld growth and the
low levels of aflatoxin content in some samples are prob-
ably due to high temperatures during pod development
and drying/curing phases.
Four samples collected f rom farmers at l i f t ing and
from traders at buying points were also examined to
determine the aflatoxin composition ( B 1 , B2 , G1, and
G2) and the results are presented in Table 2. Af la tox in
G1 was predominant in samples collected at l i f t ing and
aflatoxin B1 in samples collected f rom traders. Predomi-
nance of aflatoxin G1 in samples collected at harvest
suggests that A. parasiticus is probably the major colonizer
(K l ich and Pitt 1988, van Wyk 1998).
Conclusions
The results of this study show that aflatoxin contamina-
t ion is a serious problem in Nampula Province and the
contamination occurs in both preharvest and postharvest
phases. Some of the locations showed extremely high
levels of aflatoxin content (2740 ug kg-1) and the produce
is unfit both for human and animal consumption. Further
investigations are required to understand the factors
Table 2. Aflatoxin composition in four groundnut
samples collected from farmers at lifting and in two
samples collected from traders at buying points in
Nampula Province, Mozambique, in 1998.
Aflatoxin content (ug kg-1)
Total
aflatoxin
Sample B1 B2 G1 G2 (ug kg-1)
At l i f t ing
1 1041 63 1126 510 2740.1
2 54 8 90 3 154.6
3 476 142 652 112 1381.5
4 55 21 55 36 166.9
At buying point
1 20 2 2 0 23.4
2 22 5 4 1 31.0
contributing to aflatoxin contamination. Drought and
temperature stress during the pod development and
damage to pods by soil pests and diseases (preharvest
phase), and the practices of l i f t ing, drying/curing, and
storage (postharvest phase) need to be critically examined
before interventions are suggested to farmers, traders,
processors, and exporters. Experience gained in other
countries on the management of aflatoxin contamination
should be utilized to educate farmers and other stakeholders
in Mozambique.
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Response o f Spanish G r o u n d n u t s to S t e m
a n d P o d Rots C a u s e d by Sclerotium 
rolfsii Sacc.
A Krishnakanth, M V C Gowda, and B N Motagi
(Department of Plant Genetics and Plant Breeding,
University of Agricultural Sciences, Dharwad 580 005,
Karnataka, India)
Stem and pod rots, caused by Sclerotium rolfsii Sacc. are
a major constraint to production in most of the groundnut-
growing areas in India (Mehan et al. 1995a). Various
cultural, chemical, and biocontrol practices have been
recommended for control of these diseases, but individually
they are not effective. Hence, integrated disease manage-
ment incorporating different approaches has been suggested
for effective control (Sherwood et al. 1995). Host-plant
resistance is an important component of such an approach.
But there is no information about the reaction to this
disease of Spanish bunch cultivars currently grown in
India. Screening for resistance in the field is complicated
by the nonuni form spatial d istr ibut ion of sclerotial
inoculum, and as a result consistent and rel iable data
are d i f f icu l t to obtain.
In the present study, 10 Spanish bunch cultivars along
with already known resistant ( ICGV 87165 and ICGV
86590) and susceptible ( T M V 2) controls (Mehan et al.
1995b) were evaluated in 3.38 m2 plots wi th four
replications in a randomized block design by art i f icial
inoculation over two seasons. The recommended package
of practices for groundnut cult ivation was adopted.
Harvesting was done according to the maturity of different
entries.
S. rolfsii was isolated from diseased groundnut
plants grown in Vertisols. Sand-corn meal medium
(Abeygunawardena and Wood 1957) was used to prepare
the culture of S. rolfsii. Inoculum containing mycelia
and sclerotia along wi th corn meal and sand was applied
to the soil surface around the base of groundnut plants at
approximately 125 g per 2.5 m in row, 50-60 days after
sowing. Sorghum stubble ( 3 -4 cm pieces) was scattered
along the rows to enhance the fungal growth. After two
weeks the inoculation was repeated. Plants showing
symptoms of stem rot, pod rot, or both stem and pod rots
were counted at harvest and the incidence was expressed
as a percentage of the total number of plants in each
plot. The data was subjected to A M O V A in each season
and over seasons using pooled analysis. Genotypes
exhibited significant variation in both the seasons and
pooled analysis revealed significant genotype x season
interactions.
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Two known resistant genotypes ( ICGV 87165 and
ICGV 8650) showed significantly low incidence compared
with the susceptible control ( T M V 2) thus conf i rming
their reaction (Table 1). Most Spanish bunch cultivars of
Karnataka State ( T M V 2, JL 24, Dh 40, K R G 1, R 8808)
and germplasm lines ( ICG 5125 and ICG 5247) were
susceptible (>57.2%) as they recorded signif icantly
more disease than the resistant controls. Dh 8, a Spanish
bunch cult ivar was, however, comparable or superior to
resistant controls. Foliar disease-resistant Spanish bunch
mutants, such as VL 1-28-2, VL 1-45, and VL 1-110 also
exhibited susceptible reactions to S. rolfsii. Among them,
VL 1-45 (81.4%), was extremely susceptible to the disease.
The genotype R 8808 recorded lower disease incidence
in the postrainy (49.6%) than in the rainy season (83.0%)
indicating a need for mult iple evaluations for confirming
the resistance and its stability. The resistant sources
identif ied in the present study could be used in future
breeding programs.





Genotype season season Pooled
D h 8 22.3a1 22.9ab 22.6a
K R G I 50.6cd 65.3ef 57.9c
J L 2 4 50.2cd 64.3e 57.2c
R 8 8 0 8 49.6cd 83.0i 66.3f
ICG 5125 50.1 ed 78.2hi 64.1def
ICG 5247 61.8 ef 52.3d 57.0c
Dh 40 67.2f 65.1e 66.1ef
V L 1-45 76.9g 85.7j 81.4g
VL 1-28-2 55.9e 65.0e 60.5cde
V L 1-110 50.2cd 67.1efg 58.7cd
Resistant controls
ICGV 86590 32.2b 22.5a 27.4a
ICGV 87165 43.4c 30.6c 37.0b
Susceptible control
T M V 2 57.1de 72.1fgh 64.6ef
Mean 51.36 59.56 55.46
SE ±3.28 ±2.40 ±2.03
C D (P = 0.05) 9.41 6.88 5.70
C V (%) 9.03 5.70 7.33
1. Figures w i t h same letters are not s ign i f icant ly d i f ferent at (P = 0.0 5).
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Kalahasti malady, a pod disease caused by a stunt nematode
(Tylenchorhynchus brevilineatus), was first reported
dur ing the 1975/76 postrainy season on groundnut in
the Srikalahasti area in Chittoor district, Andhra Pradesh
(Reddy et al. 1984). Yie ld losses of 2 0 - 5 0 % are common
in severely infected fields. Sources of resistance to this
disease have been identif ied (Siva Rao et al. 1986,
Mehan and Reddy 1988, Harinath Naidu 1996). The late
leaf spot disease (LLS) caused by Phaeoisariopsis personata 
is an important constraint to groundnut production and
sources of resistance have been identified (Subrahmanyam
et al. 1982, Harinath Naidu 1997). This paper reports results
of screening of 42 groundnut genotypes for resistance to
kalahasti malady and late leaf spot.
Experiments were conducted during the 1995-97
postrainy seasons in kalahasti malady-infected soils at a 
farm of Andhra Pradesh State Seed Development
Corporation (APSSDC), Srikalahasti, Andhra Pradesh.
A randomized block design (RBD) was fol lowed wi th two
replications. Each genotype was sown in two 5 m-long
rows. The test genotypes were sandwiched by rows of a 
susceptible control, JL 24. The rows were 30 cm apart
wi th a plant-to-plant distance of 10 cm. A l l the genotypes
were screened for late leaf spot severity at the Regional
Agricul tural Research Station (RARS) farm, Tirupati ,
during the rainy seasons of 1995 and 1996 in addition to
testing them in the postrainy seasons at APSSDC farm,
Srikalahasti. The late leaf spot severity was recorded at
90 days after sowing on a a 1-9 scale (Subrahmanyam et
al. 1982). The genotypes were harvested at maturity and
25 randomly-selected plants of each genotype were
scored for kalahasti malady severity on a 1-5 scale
(Reddy et al. 1984). The observations on number of pods
and pod yield were recorded (Table 1).
Of the 42 genotypes screened for kalahasti malady,
29 showed a significantly lower disease score than the
control, JL 24. Three genotypes, ICGV 92195, ICGV
92268, and ICGV 92269 produced a significantly greater
number of pods (12.2 to 12.5) and higher pod yield
(9.9 to 10.6 g plant-1) than the control. Among the 10
moderately-resistant genotypes (2.0-3.0 disease score)
ICGV 93370 and ICGV 92196 produced a significantly
greater number of pods (11.8 to 12.4) and higher pod
yie ld (9.1 to 10.6 g plant-1).
A l l the 42 genotypes screened against LLS were
found susceptible to LLS with a disease score of 7.5 to 9.0.
The three resistant genotypes, ICGV 92195, ICGV
92268, and ICGV 92269, which gave significantly better
pod yields, may be considered for recommendation to
farmers in the nematode affected areas.
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Table 1. Reaction of 42 short-duration groundnut
genotypes to kalahasti malady and late leaf spot diseases.











ICGV 93370 2.6 8.8 12.4 10.6
ICGV 93373 3.3 9.0 9.4 7.6
ICGV 93379 3.1 9.0 8.0 11.5
ICGV 93383 3.0 9.0 7.5 6.5
ICGV 93407 2.9 8.8 8.1 7.1
ICGV 93411 3.9 8.0 10.0 6.2
ICGV 93420 2.8 9.0 9.1 7.3
ICGV 93433 3.4 7.8 7.4 6.2
ICGV 93433 3.9 8.7 7.0 6.5
ICGV 93436 3.0 9.0 7.4 6.0
ICGV 93437 3.0 8.7 8.1 6.2
ICGV 93438 3.2 8.8 11.4 6.7
ICGV 92195 2.0 9.0 10.0 9.1
ICGV 92196 2.8 8.7 11.8 9.1
ICGV 92199 4.0 7.7 12.6 7.4
ICGV 92209 3.3 7.5 9.7 6.9
ICGV 92212 3.3 8.8 8.7 5.7
ICGV 92216 2.9 6.8 10.8 8.2
ICGV 92218 4.0 7.8 9.0 7.0
ICGV 92222 2.6 8.3 7.0 6.5
ICGV 92224 2.8 9.0 6.7 6.2
ICGV 92229 4.5 9.0 7.4 7.4
ICGV 92242 2.4 7.8 6.1 5.9
ICGV 92243 2.7 9.0 8.0 6.3
ICGV 92247 2.9 8.8 10.9 7.4
ICGV 92255 4.6 9.0 12.1 8.9
ICGV 92261 3.8 8.5 9.1 6.8
ICGV 92268 2.0 8.8 12.5 9.9
ICGV 92269 2.0 8.8 12.2 10.6
ICGV 91109 3.2 8.8 10.4 7.6
ICGV 91112 4.4 9.0 10.4 7.4
ICGV 91114 3.4 9.0 10.1 6.6
ICGV 91116 3.8 9.0 10.7 7.4
ICGV 91117 3.1 8.8 9.8 7.9
ICGV 91118 3.2 8.7 8.9 5.1
ICGV 91123 3.2 8.0 10.4 5.2
ICGV 91124 3.6 8.0 8.5 5.0
ICGV 91151 3.9 8.8 4.9 4.5
ICGV 91155 3.7 9.0 6.6 5.6
ICGV 89023 3.5 8.7 8.6 5.9
ICGV CHICO 4.3 8.7 7.1 4.8
JL 24 (Control)











1. Disease scale (1 = No disease symptoms, 2 = Pods normal in size with a 
few small dark brown to black lesions covering 1-25% of pod surface,
3 = Pods normal in size with lesions covering 25-50% of pod surface,
4 = Pods smaller in size with lesions covering 50-75% of pod surface,
5 = Pods much smaller in size with lesions covering more than 75% of
pod surface).
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Peanut stripe virus (PStV) is an economically important
virus infecting groundnut (Arachis hypogaea) in Southeast
Asia. It is widely distributed in al l groundnut production
areas in China (Xu et al. 1984). Peanut stripe virus has
assumed economic importance because of its potential to
cause signif icant reductions to crop yields and in quar-
antine because of its relat ively high frequency of trans-
mission through groundnut seed. The virus has been
reported to occur as distinct strains on the basis of
symptoms in groundnut and host reaction (Wongkaew
and Dol let 1990). During surveys in China wide variation
in symptoms was noticed in PStV-infected groundnut.
In this paper symptoms, seed transmission frequency,
and pod losses due to some PStV isolates occurring in
China are reported.
Symptomatology. Five isolates of PStV were collected
from groundnut in Wuhan (PStV-W1, W2, N) , Guangzhou
(PStV-G) and Tansan (PStV-T). They were maintained on
groundnut cv Honghua No. 1 in a glasshouse. Extracts
from each isolate were mechanically sap inoculated on
to different groundnut genotypes and on to a range of
indicator plants (Table 1). On the basis of symptoms
produced on various groundnut genotypes they were
divided into three groups. Isolates included in group I 
caused m i ld mott l ing symptoms and very l itt le stunting
(PStV-Wl and T) . Isolates in group II (PstV-W2 and G)
caused blotches and relatively more stunting than
the isolates in group 1. Isolates in group I I I (N) were
distinguished on the basis of necrosis of veins, severe
mosaic symptoms, and stunting. A l l isolates in the three
groups caused systemic mosaic on Glycine max, 
Cassia occidentalis ( P S t V - N not tested) and
Nicotiana benthamiana; local lesions on Chenopodium
amaranticolor, Cassia tora (PStV-N not tested), and
cowpea. A l l isolates failed to infect Sesbania exalta and
Phaseolus vulgaris cv Topcrop. None of the diagnostic
hosts was suitable for distinguishing the isolates.
Effect on plant growth and pod yield. Two widely-
distributed isolates in China (W1 and G) were chosen to
study their effect on growth and yield of groundnut
cultivars Zhonghua Nos. 1, 3, and 4 and Luhua No. 11,
under glasshouse conditions. PStV-Wl caused 1.4% to
6.4% reduction in height and G caused 9.2% to 16.3%
reduction. Losses in pod yields due to PStV-Wl ranged
from 20.8% to 36.6% and decrease in pod yields due to
PStV-G ranged from 29.8% to 55%. The cultivars
Zhonghua Nos. 3 and 4 suffered maximum losses in pod
yields by both the PStV isolates.
Seed transmission frequency. Nearly 1000 seeds were
used to determine the rate of transmission to seed. PStV-WI
was transmitted to 20.9% and PStV-G to 6 . 1 % of seed of
cv Zhonghua No. 3. However in cv Zhoughua No. 4 seed
transmission rate was lower than that observed for
Zhonghua No. 3 ( 6 . 1 % for Wl and none for G).
Aphid transmission. A l l f ive PStV isolates were trans-
mitted by Aphis craccivora from groundnut to groundnut.
The efficiency of transmission was 4 .2% (1/24) for
PStV-N, 12.0% (3/25) for PStV-G, 20.0% (5/25) for
P S t V - W l , 22.2% (6/27) for PStV-W2, and 44.0% (11/25)
for PStV-T.
Conclusions
Five PStV isolates collected from various parts of China
could be classified into three distinct groups on the basis
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Table 1. Reactions to five PStV isolates following their transmission to host plants by mechanical sap inoculation.
Host plant
Group I 
P S t V - W l , T
Group I I
PStV-W2, G 
Group I I I
PStV-N
Arachis hypogaea 
cv Zhonghua No. 4 
Yuhua No. 1 
Inoc./Systemic
None/MMot.Str1







Luhua No. 1 None/MMot,Str None/Blo None/LN,Stu
93904 M M o t / M M o t None/Blo,Str None/LN,Stu
79266 MMot /S t r None/Bio None/LN,Stu
Glycine max cv 84-87 None/Mo None/Mo None/Mo
Zhangziwu
Zhongdu-24
LLn /Mo ,Cr i
None/Mo
L L n / M o
None/Mo
LLn /Mo ,C r i
None/Mo
Chenopodium amaranticolor LLc/None LLc/None LLc/None
Cassia occidentalis None/Mo None/Mo -
2
Cassia tora LLn/None LLn/None
Sesbania exalta None/None None/None
Phaseolus vulgaris cv Topcrop None/None None/None None/None
Cowpea LLn/None LLn/None LLn/None
Nicotiana benthamiana None/Mo None/Mo None/Mo
1. Blo = blotch, Cri = crinkle, LLc =local chlorotic lesions, LLn = local necrotic lesions, LN =leaf necrosis, Mmot = mild mottle, Mo = mosaic;
Str = stripe, Stu - stunt.
2. Not tested.
of symptoms produced on different groundnut cultivars.
Isolates in group I, which produced mi ld mott l ing
symptoms, were found to be widely distributed. An isolate
in group I ( P S t V - W l ) showed relatively higher seed
transmission frequency than an isolate in group II
(PStV-G). In glasshouse tests PStV-G caused more
reduction to pod yield than P S t V - W l .
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E n t o m o l o g y
A d d i t i o n a l A p h i d V e c t o r s o f G r o u n d n u t
Roset te V i r u s i n N i g e r i a
M D Alegbejo (Department of Crop Protection, Institute
for Agricultural Research, Ahmadu Bello University,
PMB 1044, Zaria, Nigeria)
Groundnut rosette virus (GRV) is a widespread disease
of groundnut in Af r ica especially Niger ia (Storey and
Bottomley 1928, Alegbejo 1997). Two main types, green
(GRV-G) and chlorotic (GRV-C), are common in Nigeria.
The virus is transmitted persistently by Aphis craccivora 
Koch (Storey and Reyland 1955). A l l stages of A. craccivora 
transmit the disease but the nymphs are more efficient
than adults. The min imum inoculation feeding period is
at least 5 -10 minutes (Dubern 1980, Misar i et al. 1988).
A. gossypii Glover has been reported as an additional
vector of GRV in Malawi by Adams (1966), and in the
United States Myzus persicae Sulzer has been recorded
(Todd et al. 1993). This study was conducted to determine
whether these aphids are vectors of GRV in Nigeria.
G R V - G and GRV-C and their assistor virus, G R A V ,
were obtained f rom field-infected plants at the Institute
for Agr icul tural Research farm at Samaru, northern
Nigeria. The viruses were maintained in a highly
susceptible groundnut genotype, 48-115 B. They were
periodically transmitted to young seedlings using
A. craccivora. Seedlings were obtained by raising seeds
sown directly into 12.5 cm-diameter plastic pots containing
sterilized soi l . Seedlings were inoculated wi th in 1 week
of germination. Ten test plants were used per treatment
in each experiment. This was repeated four times. The
same number of uninoculated plants was used as the
control in each test.
Stock cultures of the different species of aphids were
obtained from adult apterae as fol lows: A. craccivora 
f rom cowpea, Ife brown (Vigna unguiculata (L.) Walp),
A. gossypii Glover from cotton, Samcot 8 (Gossypium sp),
and M. persicae from sorghum cv SK 5912 (Sorghum
bicolor (L.) Moench). The three species of aphids were
identif ied by taxonomist Dr M C Dike of the Department
of Crop Protection, Ahmadu Bello University, Zaria,
Nigeria. Apterae were placed on petri dishes l ined wi th
filter paper moistened wi th water. Nymphs deposited
overnight were placed on the healthy seedlings of their
respective hosts and al lowed to develop to adults. Aph id
stocks were maintained by serial transfers of the
larviposit ing apterae at 24-h intervals to seedlings of
their respective hosts.
Batches of 80-100 first to second - instar nonvirul i ferous
aphids (about 30-36 h old) were allowed to feed separately
on similar groundnut plants infected w i th either G R V - G
or GRV-C for periods ranging from 0.25 to 48 h. Af ter
each acquisition access feeding period, single aphids
from each group and each species were transferred to
individual healthy groundnut plants and al lowed an
inoculation access feeding period of 24 h.
Three days old aphids from the stock culture were
allowed an acquisition access feeding period of 2 -3 days
on infected groundnut plants. The aphids were then
confined singly or in groups of 5 or 10 per plant. Af ter
an inoculation access feeding period of 0.25 to 48 h, they
were sprayed wi th dimethoate (Rogor®) at the rate of
1.30 g a . i . L-1.
A. craccivora was significantly (P = 0.05) more
efficient in transmitting both the GRV-G and GRV-C
than A. gossypii and M. persicae. A. craccivora transmitted
GRV-G and GRV-C to the same extent. The latter was
also true of both A. gossypii and M. persicae. Single
aphids of al l the species acquired the viruses after 4 h 
acquisition access feeding. Ten virul i ferous aphids per
test plant were more efficient in transmitting both GRV-G
and GRV-C than one or five virul i ferous aphids per test
plant. A. craccivora was again the most efficient
fol lowed by A. gossypii and M. persicae. Each of the
species of aphids transmitted GRV-G and GRV-C to the
same extent. Single aphids of A. craccivora were able to
transmit both GRV-G and GRV-C after 0.25 h inocula-
t ion access feeding whi le single aphids of A. gossypii 
and M. persicae were only able to transmit both viruses
after 0.5 h inoculat ion access feeding per iod. This
investigation shows that A. gossypii and M. persicae 
are additional vectors of GRV in northern Nigeria. They
are, however, relatively inefficient compared wi th
A. craccivora. 
A field trial conducted on the epidemiology of GRV
at Samaru, Nigeria, in 1998, showed that 70% of the
aphids trapped were A. craccivora, 15% were A. fabae
Blanchad, whi le 9% were A. gossypii and 6% M. persicae.
Three trials conducted in separate locations at Samaru
and its environs using a highly susceptible groundnut
genotype, 48-115B, as the infector row and either
A. craccivora, A. gossypii or M. persicae as vector, indi-
cated that A. craccivora was a highly efficient vector
whi le A. gossypii and M. persicae were relatively
inefficient field vectors. However, both A. gossypii and
M. persicae could contribute substantially to the spread
of GRV in the f ie ld.
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Ef fec t o f C l i m a t i c Factors a n d A p h i d
P o p u l a t i o n on the Inc idence o f
G r o u n d n u t Roset te V i r u s i n N i g e r i a
M D Alegbejo, E Egwurube, and B D Kashina (Institute
for Agricultural Research, Ahmadu Bello University,
PMB 1044, Zaria, Nigeria)
Groundnut rosette virus (GRV) is the most important
factor l imi t ing the production of groundnut (Arachis
hypogaea L.) in Nigeria. It is transmitted persistently by
Aphis craccivora Koch (Storey and Reyland 1955). An
epidemic of the disease occurred in 1975 and destroyed
an estimated 0.7 mi l l ion ha of groundnut (Yayock et al.
1976). Another epidemic occurred in 1985 wi th a nearly
total loss of y ie ld in some parts of northern Nigeria
(Misar i et al. 1988). These epidemics were associated
with outbreaks of A. craccivora. This study was conducted
to determine the effect of climatic factors and aphid
population on the incidence of GRV.
The tr ial was set up in June 1997 at Samaru using
three groundnut genotypes, 48-115B (highly susceptible
to GRV) , RRB (moderately susceptible), and RMP 91
(resistant). The experiment was laid out as a randomized
complete block design wi th four replicates. Each plot
consisted of one hundred plants on f ive ridges. A plastic
tray (40 x 20 x 10 cm) w i th the inside painted yel low to
attract aphid vectors of GRV, was set up in each plot.
Each trap was held 46 cm above ground level on cement
blocks against a contrasting background of bare soil.
The trays were two-thirds filled wi th a solution contain-
ing 98% water, 1.5% teepol detergent, and 0.5% formalin
preservative. Trapped aphids were collected once each
week and identified. Aphid species were related to disease
incidence and climatic factors. The l iquid in the water
trap was changed after each week's collection of aphids.
Counts of GRV-infected plants were made at 8-day intervals
throughout the wet season. The severity of symptoms on
individual plants was ranked according to a scale of 1-5
where 1 = no symptoms; 2 = leaf symptoms, but no
stunting; and 3-5 = leaf symptoms with stunting varying
from slight to more than 70%.
The masses of pods and haulms harvested from each
plot were recorded. Serological tests were carried out
between the test virus and monoclonal antibodies of potato
leaf rol l virus (ScR6), obtained from the Scottish Crops
Research Institute, UK, using the Triple Ant ibody Sand-
wiched Enzyme Linked Immunosorbent Assay (TAS-
ELISA). The Duncan's Mul t ip le Range Test ( D M R T )
was used to separate means based on F values at the 5%
level of significance. Correlation analysis was carried out
between weather factors and the number of aphids
trapped per week, number of infected plants per week,
and age of plants.
Seventy percent of the aphids trapped were
A. craccivora, 15% were A. fabae Blanchard, whi le 9%
were A. gossypii Glover and 6% were Myzus persicae Sulzer.
There was a significant positive correlation between the
fo l lowing factors: incidence of GRV and number of alate
aphids trapped; temperature and age of plants; temperature
and number of alate aphids trapped; relative humidi ty
and incidence of GRV (Table 1). A significant negative
correlation was, however, observed between age of plants
and number of alate aphids trapped; sunshine hours and
number of alate aphids trapped; relative humidi ty and
number of alate aphids trapped; and relative humidi ty
and sunshine hours. Periods of h igh rainfal l and relative
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Table 1. Correlation coefficients of the relationship between groundnut rosette virus ( G R V ) in groundnuts




Variables V I V2 V3 V4 V5 V 6 V 7
VI = Number of alate aphids trapped week-1 +1.00
V2 = Incidence of GRV week-1 +0.56 + 1.00
V3 = Age of plants ( in weeks) -0 .55 +0.32 +1.00
V4 = Mean temperature (°C) +0.74 -0 .70 +0.75 +1.00
V5 = Mean sunshine (hours) -0 .56 +0.50 +0.83 +0.88 +1.00
V6 = Mean rainfal l (mm) -0 .58 -0 .66 -0 .31 -0 .45 -0 .46 +1.00
V7 = Mean relative humidi ty (%) -0 .56 -0 .80 -0 .69 -0 .88 -0 .89 +0.56 +1.00
1. Values are correlation coefficients: correlation coefficient at 5% level of significance = 0.54.
Table 2. Epidemiology of groundnut rosette virus at Samaru, Nigeria, in 1997.
Cumulat ive
percentage of
Mass of Mass of Mean of aphids GRV-infected Disease
pod plot -1 haulm plot-1 trapped in each plants in the index
Groundnut genotype (kg) (kg) plot week
-1 tr ial period value
R M P 9 1 1.03a 16.30a 38.50c 4.50c 1.20c
RRB 0.60b 2.12b 158.50b 30.00b 3.40b
48-115B 0.50b 2.84b 192.30a 62.50a 4.00a
In each column numbers followed by the same letter are not significantly different from each other at P = 0.05 using the Duncan's Multiple Range Test.
humidi ty coincided wi th periods of low incidence of
alate aphids trapped and vice versa (Table 1). Heavy and
consistent rainfall washed o f f aphids from the groundnut
and kept down the population before the groundnut
became infected w i th GRV. Therefore, in years of inter-
mittent dry and wet spells, massive bui ld up, and an
early dispersal and survival of aphids is l ikely to occur
g iv ing rise to an epidemic of G R V disease. This may be
contained by early destruction of the weed hosts of the
virus and vector and of the vector itself. There were
significant groundnut genotype differences in the number
of aphids trapped and GRV-infected plants (Table 2).
The susceptible groundnut genotype, 48-115B, had the
highest incidence of aphids and GRV disease, fo l lowed
in descending order by the moderately resistant RRB
and the resistant RMP91 genotypes. It is therefore advis-
able to sow resistant genotypes to reduce the incidence
of G R V disease and alate aphids landing on the crop.
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A N o t e on H o s t P lants f o r the
G r o u n d n u t P l a n t H o p p e r ,
Hilda patruelis, in S o u t h e r n







, and P Sohati
4
(1 . International Crops Research Institute for the Semi-
Arid Tropics (ICRISAT), PO Box 1096, Lilongwe,
Malawi; 2. Plant Protection Research Institute (PPRI),
PO Box 8100, Causeway, Harare, Zimbabwe; 3. Chitedze
Research Station, PO Box 158, Lilongwe, Malawi;
4. Mochipapa Research Station, PO Box 630090,
Choma, Zambia)
The groundnut hopper, Hilda patruelis Stal (Homoptera:
Tettigometridae), is a polyphagous sucking bug found in
Af r ica south of the Sahara (Weaving 1980, Bohlen
1978, N R I 1996). Al though Hilda is reported as a minor
pest on cashew nuts, pigeonpea, citrus, soybean, maize,
potato, okra, sunflower, cowpea, Phaseolus bean, and
mung bean, the extent of damage to groundnut can often
be of economic importance.
An adult hopper is f rom 3 to 5 mm in length, and
brown or green in colour wi th white markings. Nymphs
resemble the adults but without fu l ly developed wings.
Plants are attacked below the soil surface at the base of
the stem and on the roots. On groundnuts the hoppers
are also found feeding on pegs and pods and they tend to
j ump o f f when disturbed. Breeding occurs throughout
the year and clusters (usually 10-50) of small, silvery-
blue, elongate eggs are laid on the stems, roots, and in
the case of groundnuts, on pegs and pods as wel l . Eggs
hatch in 10-15 days. Each generation takes about 37-42
days wi th 5 nymphal instars to the adult. These hoppers
survive the dry season on the roots of weeds or volunteer
groundnut plants and later move into groundnut fields
shortly after germination.
Infested plants turn yel low, wi l t , and die due to sap-
sucking by the hoppers. The vascular system of the
plants turns brown, probably as a result of toxins in the
saliva of H i lda or secondary infection by plant patho-
gens and the hoppers move from dying to adjacent
healthy plants. Hilda has an obligate symbiotic relationship
wi th several species of ants which protect it from preda-
tors and maintain the tunnels around the root zone in
return for the honeydew excreted by the hopper. Common
ant species include Anoplolepis spp and Pheidole spp
(Bohlen 1978, N R I 1996). The presence of these ants at
the base and along stems, branches, and pods on plants
is a useful diagnostic feature.
Additional host plants in Malawi and Zimbabwe.
During the course of f ield studies in Ma lawi in 1997/98,
four additional host plants for H i lda were observed.
They were sorghum, Hibiscus bushes, fish bean plant
(Tephrosia vogelii), and a common Asteraceae weed
(Veronia poskeana) locally known in Malawi 's
Chichewa language as Mbi l izongwe. In Zimbabwe,
Hi lda was reported on Hibiscus bushes and Mexican
marigold plants, Tagetes spp (PPRI 1982).
Incidence and damage levels on groundnut in
Malawi, South Africa, Zambia, and Zimbabwe. Reports
from Malawi (Rose 1962, Wightman and Wightman
1994), South Af r ica (Van Eeden 1993), and Zimbabwe
(Weaving 1980, PPRI 1986) indicate extensive damage
to groundnut crops particularly in dry seasons. The pest
is always found at low densities on many farms ( 2 - 5 % of
plants) in most countries in southern Af r ica during nor-
mal growing seasons.
H. patruelis is generally considered as a minor pest of
groundnuts and control is not cost effective. However,
sporadic heavy infestations may occur in periods of
drought or on an off-season crop. For example, during
the 1997/98 growing season, groundnut field surveys at
fu l l podding phase indicated that 1-5% (mean 3.5%) of
plants were infested in Malawi , eastern Zambia, and
parts of Zimbabwe. Southern Zambia (Gwembe valley)
had infestations ranging f rom 2 0 - 8 0 % (mean 46%).
The high infestation in southern Zambia was associated
with very low and unevenly distributed rainfal l . A small
off-season groundnut seed mult ipl icat ion crop at
Chitedze Research Station had to be abandoned in 1997
due to an unexpected heavy infestation by Hilda (over
75% of plants). Isolated and very early or late sown
farmers' crops often suffer severely from Hilda damage
in many locations in Malawi , Zambia, and Zimbabwe.
Heavy and continuous rains, however, destroy the tunnels
maintained by the ants and reduce hopper populations.
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Efficacy of Plant Products Against
Thr ips (Scirtothrips dorsalis Hood)
in Groundnut
T Senguttuvan (National Pulses Research Centre,
Tamil Nadu Agricultural University, Vamban 622 303,
Pudukkottai, Tamil Nadu, India)
Several species of thrips attack groundnut, but only a 
few such as Scirtothrips dorsalis Hood, Frankliniella 
schultzei (Trybom), and Caliothrips indicus (Bagnall) are
of economic importance. Among different thrips, S. dorsalis
is an important species causing cr ink l ing and distortion
of leaves. Prolonged and heavy infestation may cause
stunting of plants resulting in 4 0 % reduction in y ie ld of
groundnut Systemic insecticides were found to be effective
against thrips in groundnut (Thimmaiah and Panchabhavi
1973, Senapathi and Patnaik 1980). However, control of
thrips by botanical products wou ld be less expensive wi th
fewer adverse effects on natural enemies, and fewer
environmental and operational hazards. Thus, the present
study was conducted to f ind an effective plant product
against S. dorsalis. 
Scirtothrips dorsalis was a serious pest in the early
crop growth of groundnut at Pudukkottai, Tami l Nadu.
Field trials were conducted for two rainy seasons and one
dry season namely, khar i f 1995, winter 1995/96, and
khar i f 1996 in red lateritic soils at the National Pulses
Research Centre, Vamban, Pudukkottai, Tamil Nadu, India,
using the groundnut variety T M V 7 under irrigated
conditions. Two separate trials, one for neem products,
and one for indigenous plant extracts, were laid out in a 
randomized block design wi th three replications and a 
plot size of 5 m x 4 m. The plant extracts (50 g L-1) other
than the neem formulations, neem o i l and neem seed
kernel (NSK) , were made into paste by gr inding a few
hours before spraying. The required quantity of water
combined wi th teepol (1 ml L-1) and the plant extract
were then mixed thoroughly and fi l tered through musl in
cloth. The plant products in both the trials were sprayed
twice at 25 and 40 days after sowing using a manual
knapsack sprayer. Water alone was sprayed in control
plots and 0.05% monocrotophos used as a chemical
insecticide control. Observations were made on 25 partially
opened terminal leaves of five randomly-selected plants
for the number of thrips prior to spraying and 3, 7, and
14 days after each treatment.
Significant differences were noted among the treatments
of thrips population per leaf in all seasons. In both the
trials, the monocrotophos was more effective than the
plant products in control l ing S. dorsalis. It recorded
4 5 - 5 0 % reduction in population over the water control.
A l l the neem products resulted in signif icantly lower
thrips population than the control. Neem Gold® in khar i f
1995 (2.44 thrips leaf-1), neem leaf extract in winter
1995/96 (1.54 thrips leaf-1), and neem oi l in khar i f 1996
(1.90 thrips leaf-1) recorded low thrips population. The
overall mean of three seasons indicated that the neem
products namely, Achook®, Neem Gold® and neem o i l
(3%) had 29, 29 and 2 8 % lower populations than the
control (3.02 thrips leaf-1) (Table 1). Mohan (1989) reported
that application of NSK (5%) caused high mortal i ty of
thrips and mites wi th in a week after application in rice.
The neem-based formulations such as RD-9 Repelin and
Neem Guard® were most effective in controlling groundnut
leaf miner (Prabakar et al. 1994).
Among the indigenous plant products, Vitex leaf extract
(LE) during khar i f 1995 (1.95 thrips leaf-1), Achorus 
root extract (RE) during winter 1995/96 and khar i f 1996
recorded low (1.71 and 1.80 thrips l e a f respectively)
population of thrips. The mean data showed that Vitex
LE and Eucalyptus LE were the best treatments in con-
t ro l l ing S. dorsalis, as they recorded 30 and 2 9 % lower
populations than the control (Table 2). The other plant
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extracts were less effective. Sahayaraj and Sekar (1996)
reported Vitex negundo leaf extract was effective in con-
t ro l l ing Spodoptera in groundnut.
The lower population of thrips during the winter season
compared w i th the khar i f seasons in both the trials may
have been due to the cool climate that prevailed during
January and February, and low rainfal l during the south-
west monsoon in the khar i f seasons.
The present study concluded that Achook® , Neem
Gold® , and neem oi l , among neem formulations, and Vitex 
LE and Eucalyptus LE among indigenous plant extracts
were effective against S. dorsalis in groundnut crops.
Table 1. Effect of neem products on Scirtothrlps dorsalis in groundnut
Mean population of thrips
Difference
Khar i f Winter Khar i f f rom control
Treatment 1995 1995/96 1996 Mean (%)
N S K 5%1 3.03 1.69 2.20 2.31 -23 .5
N O 3%2 3.01 1.59 1.90 2.17 -28 .1
Neem leaf extract 5% 3.14 1.54 2.00 2.23 -26 .2
Nimbecidine® 3 ml L -1 2.97 1.79 2.00 2.24 -25 .3
Neem Go ld ® 3 ml L -1 2.44 1.71 2.30 2.15 -28 .8
Neem Azal® 2 ml L -1 3.33 1.57 2.00 2.30 -23 .8
Achook® 3 g L-1 2.71 1.71 2.00 2.14 -29 .1
Monocrotophos 0.05% 1.59 1.27 1.50 1.54 -49 .0
Control 4.07 2.70 2.30 3.02 -
SE ±0.36 ±0.15 ±0.14
CD (P = 0.05) 0.75 0.31 0.30
1. NSK = neem seed kernel
2. NO = neem oi l .
Table 2. Effect of indigenous plant products on Scirtothrlps dorsalis in groundnut
Mean population of thrips
Difference
Khar i f Winter Khar i f from control
Treatment 1995 1995/96 1996 Mean (%)
Eucalyptus tereticornis LE 1 5% 1.90 1.74 2.20 1.95 -29 .3
Tribulus terrestris PE 5% 2.59 1.88 2.20 2.22 -19 .7
Vitex negundo LE 5% 1.95 1.85 2.00 1.93 -30 .1
Achorus calamus RE 5% 3.23 1.71 1.80 2.25 -18 .5
Croton sparsiflorus PE 5% 3.07 1.86 2.30 2.41 -12 .7
Ipomaea carnea LE 5% 2.75 1.87 2.30 2.49 -9 .8
Jatropa tanjorensis LE 5% 3.14 1.91 2.40 2.48 -10 .1
Datura stramonium LE 5% 3.28 1.84 2.10 2.41 -12 .7
Lucas aspera PE 5% 3.05 1.93 2.00 2.33 -15 .6
Monocrotophos 0.05% 1.87 1.31 1.40 1.53 -44 .6
Control 3.50 2.39 2.40 2.76
SE ±0.35 ±0.17 ±0.11
C D ( P = 0.05) 0.74 0.38 0.23
1. LE = leaf extract, RE = rhizome extract, PE = plant extract.
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Seasonal O c c u r r e n c e o f G r o u n d n u t L e a f
M i n e r i n R e l a t i o n t o W e a t h e r Fac tors
T Senguttuvan (National Pulses Research Centre,
Tamil Nadu Agricultural University, Vamban 622 303,
Pudukkottai, Tamil Nadu, India)
Groundnut leaf miner ( G L M ) is an important pest of
groundnut and soybean in South and Southeast Asia.
In India, although it attacks groundnut throughout the
year, it is more severe under moisture stress conditions
(Wightman and Ranga Rao 1994). The populations
fluctuate f rom year to year and season to season. Dur ing
a season, it fluctuates between different generations of
the pest (Logiswaran and Mohanasundaram 1986).
Weather factors influence the G L M population abundance
(Lewin et al. 1979, Logiswaran et al. 1982), but the key
factors regulating its population have not been identified.
The present studies were conducted to assess the influence
of weather factors on the population dynamics of G L M
at Vamban, Tami l Nadu, India.
Fortnight ly (FN) sowings at the National Pulses
Research Centre, Vamban, were begun f rom the first
fortnight of August 1994, and continued for one year, of
the commonly grown groundnut variety, T M V 7. The crop
was raised in 40 m2 plots under irr igation, and normal
agronomic practices were fo l lowed. Observations were
recorded on 50 randomly-selected plants in each sowing
for the number of larvae per plant and percent infested
leaflets at 45 days after sowing (DAS). Data on maximum
temperature, min imum temperature, relative humidi ty,
sunshine hours, number of rainy days, and rainfal l were
recorded daily at the weather station of the research
farm. Fortnightly means were computed for each parameter
(except rainy days and rainfal l , for which the number of
rainy days and total rainfall were calculated). The percent
infested leaflets and number of larvae per plant were
considered as dependent variables (Y ) , and correlated
wi th the corresponding fortnightly means of weather
factors (X ) at the time of observation.
Leaf miner damage was observed in all months, except
during the September II FN to November II FN . This
may have been due to continuous and widespread rainfal l
dur ing this period. However, the crops sown dur ing
February II FN, March I FN, June 1 and II FN, and July I 
FN (observations recorded in March I I FN , Ap r i l I FN ,
Table 1. Seasonal occurrence of groundnut leaf
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Table 2. Correlation of weather parameters (X ) with
G L M incidence (Y ) .
Correlation Leaflets
coefficient (r) damaged
Weather parameter for larvae plant1 (%)
XI Maximum temperature (°C) 0.58* 0.66**
X2 Minimum temperature (°C) 0.14 0.04
X3 Relative humidity (%) -0.28 -0.36
X4 Sunshine hours 0.13 0.33
X5.No. of rainy days 0.05 -0.15
X6 Total rainfall (mm) 0.07 -0.05
1. * = P<0.05;** = P<0.01.
July I FN , July II FN , and August I FN) showed high
G L M damage and larval abundance (Table 1). G L M inci-
dence has been observed to be maximum during July and
August and from February to May in South India (Nair
1975).
Correlation studies showed significant and positive
associations of damage and larval population wi th
max imum temperature, but the inf luence of other
parameters was not significant (Table 2). Lewin et al.
(1979) reported that temperature was associated positively,
and rainfal l negatively wi th leaf miner incidence, whi le
Logiswaran et al. (1982) observed signif icant negative
correlations of maximum and min imum temperature
wi th leaf miner infestation. No correlation was observed
with rainfal l .
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Ef fec t o f P r e y a n d T h e i r Ages o n
the F e e d i n g Pre fe rence of Rhynocoris 
marginatus (Fab.)
K. Sahayaraj (Dept. of Zoology, St. Xavier's College,
Palayankottai 627 002, Tamil Nadu, India)
Rhynocoris marginatus (Heteroptera : Reduviidae) is a 
generalist predator found in agroecosystems such as
groundnut, cotton, soybean (Sahayaraj 1995), and also
in the semi-arid zone, scrub jungle, and forest. It was
reported to be a predator on 20 insect pests of various
crops (Sahayaraj 1998). For groundnut Amsacta albistriga 
Walk., Aproaerema modicella Deventer, Helicoverpa 
armigera (Hub.) and Spodoptera litura Fab. are the major
pests and cause considerable losses in produc-
t ion (Wightman and Rao 1993). Different l i fe stages of
this predator have been observed in groundnut in the
field. The present investigation was undertaken to study
the acceptance of these pests and their stages by the dif-
ferent l i fe stages of this reduviid predator under labora-
tory conditions.
Adults of R. marginatus were collected from ground-
nut fields in Trichy district, Tami l Nadu, and reared on
different groundnut lepidopteran pests under laboratory
conditions (30 ± 2°C; 75 ± 5% RH) in 120 ml plastic
containers. Laboratory emerged fourth and f i f th nymphal
instars and adults were used in these studies. A glass
olfactometer was used to f ind the prey and their stage
acceptance. An olfactometer consists of a central tube
(2.3 cm diameter) from which project outwards 6 equally-
spaced tubes (21 cm length, 2.3 cm diameter). The pest
stage acceptance of R. marginatus of the different larval
instars of A. modicella, A. albistriga, H. armigera, and
S. litura was evaluated by a choice experiment. Day old
fourth and fifth instars, and adults of R. marginatus 
were tested against different larval instars of the pests.
Different larval stages of the prey were introduced into
the terminal openings of each arm, and immediately the
openings were covered with muslin cloth and the prey
larvae allowed to move undisturbed for 10 minutes.
Fourth instars of R. marginatus were then introduced
into the central tube and the feeding events recorded
continuously for six hours. Successful predation and
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stage of the prey preferred were recorded. The same
procedure was adopted for the f i f th nymphal instars and
adults of R. marginatus. 
A choice test was also conducted to assess the prey
acceptance of R. marginatus to these four groundnut
lepidopteran pests. Preferred stages of the prey species
(conf i rmed f rom the stage acceptance study) were intro-
duced into the terminal arm openings and these covered
w i th musl in c loth. The pests were al lowed to move
undisturbed for 10 minutes. Predators were then intro-
duced into the central tube of the olfactometer and the
feeding events recorded continuously for six hours. Prey
acceptance was assessed in terms of the first prey that
was encountered, k i l led and consumed by the predator.
A l l the groundnut pests were maintained in the laboratory
on groundnut leaves ( T M V 7 variety). Each experiment
was replicated twenty times w i th different l i fe stages of
predators, pests and their l i fe cycle stages.
Stage acceptances of R. marginatus on four different
groundnut pests are presented in Table 1. When the
nymphs and adults of R. marginatus were provided wi th
different larval stages of the four groundnut pests, the
fourth instar predator accepted the smaller prey whereas
the f i f th instar and adult predator accepted larger prey.
This suggested that the f inal instar and the adult predator
were more successful in encountering the largest (oldest
prey) size of these groundnut pests. Moreover, large
prey obviously provided more food per individual than
d id small ones and younger nymphal predators needed
less food than older nymphal instars and adult predators.
The stage of R. marginatus could be attributed to the
dynamics of prey-predator interaction which is principally
governed by the size (Sahayaraj and Ambrose 1994).
It is clear from this study that during release programs,
it is necessary to release different l i fe stages of this
predator at the same t ime.
Al though reduviids are generalized predators, they
exhibit a certain degree of host specificity. The results
revealed that different l i fe stages of this predator pre-
ferred S. litura followed by H. armigera, A. modicella, 
and A. albistriga. Thus in the choice test, the reduvi id
accepted different groundnut pests under test dif feren-
t ial ly (Table 2). Among the groundnut pests tested in
this study, the least-preferred pest was a red hairy cater-
pil lar. Presence of a hard exoskeleton wi th hairs, and
some sort of odour may have deterred the predator from
feeding on A. albistrica. Disagreeable odours and tastes,
morphological characters, and behaviours of the pests
might decide the differential attack and feeding strategies
of this predator. The ability of predatory insects to choose
between prey types has an important bearing on the out-
come of a biocontrol program (Hatt ingh and Samways
1992) suggesting the biocontrol ut i l i ty of R. marginatus. 
This study revealed a particular l i fe cycle stage of
R. marginatus accepted a particular stage of the pest and
this predator mainly accepted S. litura fo l lowed by
H. armigera. These results indicate that the larger predator
accepted the larger-sized prey and the smaller predator
accepted the smaller size prey and so the t imely release
of a predator is very important in biocontrol programs.
Table 1. Pest life cycle stage acceptance by different stages of the predator, Rhynocoris marginatus. 
% acceptance of groundnut pests
Predator life stage A. albistrica A. modicella H. armigera S. litura 
Fourth instar Second Fifth Fourth Fourth
(16.73) (40.68) (38.70) (43.76)
Fifth instar Third Fifth Fifth Fifth
(17.15) (51.30) (38.70) (48.14)
Adult Fourth Fifth Fifth Sixth
(18.65) (70.25) (46.63) (50.13)
Table 2. Rhynocoris marginatus preference (%) for different pests of groundnut
Larval stage of the pest
Predator l i fe stage A. albistrica A. modicella H. armigera S. litura 
Fourth instar 3.33
Fi f th instar 5.00
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Field Evaluation of the Predator,
Rhynocoris marginatus (Fab.), on
Two Groundnut Defoliators
K Sahayaraj (Department of Zoology, St. Xavier's
College, Palayankottai 627 002, Tamil Nadu, India)
The groundnut crop is attacked by many defoliators in
India of which the most important and widely distributed
are Helicoverpa armigera Hubner and Spodoptera litura 
(Fab.) (Wightman and Rao 1993). These pests have
developed resistance to many insecticides (Venugopal
Rao et al . 1993). As a result of the harmful effect of
indiscriminate use of insecticides and particularly their
role in el iminating beneficial fauna, the emphasis in
plant protection is shift ing towards development and
implementation of IPM approaches in control l ing these
insect pests. Although studies on many natural enemies
including the predator Chrysoperla carnea (Banks)
(Kalyana Sundaram et al. 1994) have been reported on
groundnut, reduviids have not been uti l ized at the field
level. Thus the predation efficiency of the native redu-
v i id predator, Rhynocoris marginatus (Fab), against
Helicoverpa armigera and Spodoptera litura was stud-
ied under field conditions.
Two plots sown to groundnut cultivar T M V 7, each
measuring 0.405 ha, were selected at a distance of 0.2 km
apart at Elathegiri vi l lage, Dharmapuri district, Tami l
Nadu. In both fields, transplanting was done in the first
week of August, 1997. In one field releases of the predator,
R. marginatus, were made from 4 September to 3 October,
1997, at 15-day intervals (5,000 predators ha-1) while the
second plot without releases was kept as a control. Each
plot was divided into three subplots and in each about
670 predators were released late in the evening (111
each of egg and first, second, third, fourth, and fifth instars).
The predator eggs on card pieces (1 x 1 cm) were stapled
to the lower sides of leaves whereas the nymphal instars
were released on the lower side of the plant. The inc i -
dence of H. armigera and S. litura were observed 26,34,
49, and 64 days after sowing (DAS). Observations were
recorded from 10 randomly-selected plants from each
subplot. Analysis of variance technique was fol lowed to
determine the treatment effect and the means were com-
pared using D M R T at P = 0.05.
The results of the study showed that the incidence of
H. armigera varied from 6.55 to 0.77 per plant and for S.
litura variation was 5.66 to 0.88 per plant, in the plot
where R. marginatus releases were made (Table. 1). The
comparison between the population of these defoliators
before and the after predator release was statistically sig-
nificant (P<0.05). The corresponding figures for the
control plot varied from 6.44 to 14.55 and 5.44 to 12.11
per plant. This showed that the predator played a role in
checking the incidence of both the defoliators. The pod
yield was also the highest in the reduviid released plot
(1867.77 kg ha-1). The control plot produced 1022.82 kg
pods ha-1. Rhynocoris spp have an advantage over other
predators, as they are tolerant of many insecticides
(George 1996). Thus, they can also be integrated into an
IPM program that includes conventional or synthetic
insecticides.
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6.44aA 6.55aA 5.44aA 5.66aA
7.22aA 4.33aB 7.00aA 4.33aB
9.66bA 1.88bB 7.55bA 1.11bB
14.55cA 0.77cB 12.11cA 0.88cB
Values carrying the same lower case letter in a column and upper case
letter in a row are not statistically significant at P = 0.05 using the
Duncan's Multiple Range Test.
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G r o u n d n u t P r o d u c t i o n C o n s t r a i n t s a n d
R e s e a r c h Needs i n M o z a m b i q u e
P Subrahmanyam
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2 (1 . International Crops Research Institute for
the Semi-Arid Tropics (ICRISAT), PO Box 1096,
Lilongwe, Malawi; 2. Instituto Nacional de Investigacao
Agronomica (INIA), CP 3658, Maputo, Mozambique)
Groundnut (Arachis hypogaea L.) plays an important
role both as a food and cash crop for smallholder farmers
in Mozambique. It is an important component of rural
diet; groundnut oi l is a popular cooking medium and the
f lour is used to enrich the relish/Roasted and boiled nuts
are eaten as snack food. Groundnut provides supplemen-
tary cash income to women farmers in Mozambique who
support their families, especially chi ldren's education
and health.
Mozambique is the largest groundnut producer in
southern Af r ica, w i th 950 000 ha cultivated in 1996.
Nampula Province is the largest producer of groundnut
in the country, although it is grown almost throughout,
wi th the highest concentration in the northern region.
in March 1998 and 1999, ICRISAT and INIA scientists
visited northern Mozambique to assess the situation of
groundnut production and identify the major constraints
that l imi t crop production. Discussions were held wi th
various stakeholders including farmers, extension agents,
and NGOs during these trips to identify the future research
requirements in the country. The f indings are br ief ly
presented in this report.
G r o u n d n u t product ion and constraints
The current average yie ld of groundnut is very low, wi th
a nation-wide mean of about 200 kg ha-1, which is one of
the lowest in the wor ld . Production constraints are many
and diverse due to contrasting agroecologies and include
nonavailabil i ty of improved varieties adapted to various
production systems, lack of organized seed production
and delivery mechanisms, poor soil fert i l i ty and cultural
practices, insect pests, and diseases.
Groundnut is grown by smallholder farmers, especially
women farmers, under very low input conditions, without
any fertil izers and pesticides, largely as a mixed crop
with bambara groundnut, phaseolus bean, cowpea, cassava,
maize, sorghum, and wi th vegetables such as cucumber,
squash, okra, and tomato, sown on flat land. Most of the
groundnut fields visited in March 1998 and 1999 were
at pod- f i l l ing to maturity stages and the size of the fields
varied from 0.25 ha to over 1.00 ha per household. Plant
populations were low in a majority of the fields. In some
villages, farmers were harvesting the crop.
Early-maturing Spanish varieties ( 'Natal Common'
type) were observed in most of the fields. The majority
of f ields had a mixture of two to f ive groundnut varieties
including Spanish, Valencia, and long-duration Virginia
types. It was not possible to determine the identity of al l
the varieties, several of which appeared to be traditional
land races. The Virginia types which were found in
farmers' fields were very prostrate runner types. RMP
12, a long-duration rosette-resistant Virginia bunch variety,
was observed in some fields. Al though RMP 12 has low
yield potential, farmers grow this variety because of its
resistance to rosette virus.
Dur ing meetings wi th the farmers, they said they
maintain their own seed for sowing in the fo l lowing
year. Storing of seed material in gunny sacks hung over
the fire-place in the kitchen appears to be a common
practice. Seed stored in this way w i l l be covered wi th
black soot. This practice is believed to protect the seed
from storage pests. Maintenance of seed by the farmers
over many years seems to be one of the reasons why
there is such a diversity of land races in farmers' fields.
Dur ing the period of c iv i l war in Mozambique, several
of the areas in Nampula Province were not accessible.
Farmers in these areas continued to grow groundnut
wi th whatever seed they had for cult ivation.
In recent years, several NGOs based in Mozambique
have imported groundnut seed from Zimbabwe and
South A f r i ca and distr ibuted it to farmers as a re l ie f
measure after the war. There is a great need to collect
the local land races f rom these areas before the intro-
duced varieties take over the traditional varieties. It is
noteworthy that two such land races, ICG 9549 (RPM
134) and ICG 9558 (RPM 167) collected in Mozambique
in 1977 proved to be resistant to rosette when tested at
ICRISAT-L i longwe in recent years (1993 to 1998)
(Subrahmanyam et al. 1998). From discussions wi th the
farmers and extension personnel, it was clear that there
are no organized seed production and delivery systems
operating in Nampula Province.
Rosette virus was the most serious and destructive
disease of groundnut in almost al l fields visited in 1998
and 1999. Both chlorotic and green rosette were observed
in most of the fields, however, green rosette was most
predominant. The disease was especially serious in
late-sown groundnuts often leading to 100% disease
incidence. Early-sown crops showed less damage f rom
the disease. It is interesting to note that rosette occurs in
epidemic proportions every year in Nampula Province,
unlike in other parts of the country, and the reasons for
these epidemics have not been fu l ly elucidated. A l l
groundnut varieties, except RMP 12, grown by the farmers
are susceptible to rosette. It appears to be the major factor
causing low average yields (200 kg ha-1) in Nampula
Province. Foliar diseases were also serious in most fields
visited, especially in the coastal districts (Nakala area)
which are warm and humid. Rust and leaf spots (both
early and late) were very severe and destructive, causing
extensive defoliation especially on crops nearing matu-
r i ty. Unfortunately, information on the extent of y ie ld
losses due to these diseases was not available. Wi l t i ng of
plants due to termite infestation was observed in some
areas. However, the incidence was very low and sporadic.
Groundnuts are harvested at maturity, the pods are
stripped manually, and dried in homesteads. In some
parts of Nampula, groundnuts are stacked along wi th the
pods soon after the harvest because of labor shortages
and stripped at a later stage when other crops have been
harvested. Improper staking of groundnut predisposes
the pods to Aspergillus flavus Link ex Fries infection and
aflatoxin contamination thus reduces the quality of the
produce. A systematic survey is required to examine the
preharvest methods and determine the extent of the aflatoxin
contamination problem in Mozambique.
Research requirements
During the pre-civi l war era, research on groundnut was
carried out at the Instituto Nacional de Investigacao
Agronomica ( IN IA) . Research efforts at I N I A resulted
in development of some improved groundnut production
technologies in the country (Ramanaiah et a l . 1988).
During the prolonged c iv i l war, much of the country's
infrastructure and expertise in research and extension
was debilitated to a great extent. As a result, valuable genetic
resources, including several improved groundnut varieties,
and human resources were lost for ever. In v iew of these
constraints and the enormous potential for improving
groundnut productivity in Mozambique, I N I A should
emphasize capacity building, collection of local land races,
introduction of improved varieties, and market develop-
ment. Over the past 25 years, ICRISAT has generated a 
wealth of improved technologies which can be ut i l ized
to achieve this goal through supply of improved seed
material for on-farm evaluation and subsequent adaptation,
development of sustainable seed production and delivery
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systems, and marketing. ICRISAT has recently initiated
collaboration wi th Wor ld Vision International, Techno-
Serve, CARE, and O X F A M , and provided improved
breeding materials for on-station/on-farm testing and
verif ication. However, this requires more coordination
on a national basis.
Rosette disease is the most important constraint to
groundnut production in Nampula Province. At present,
RMP 12 is the only resistant variety on the national variety
list. RMP 12 has not performed wel l in variety trials
conducted to date, perhaps because of its long duration.
Given farmers' preference for small-seeded, short-duration
Spanish varieties because of the ready market, short-
duration varieties w i th resistance to rosette and fol iar
diseases should be included in future trials as a matter of
pr ior i ty.
Variety release procedures are under development in
Mozambique. These procedures should al low the use of
supporting data on varietal performance under similar
agro-ecological conditions in neighboring countries in
order to accelerate the release of badly needed rosette-
resistant cultivars.
Farmers grow a wide range of traditional land races
and their mixtures in Nampula Province. There is a danger
of losing these valuable resources over a period of t ime
wi th the introduction of improved groundnut varieties.
Hence, collection of land races from farmers' fields
should receive high prior i ty.
Af la tox in contamination is believed to be a serious
quality problem of groundnut in Mozambique. Loss of
international/regional export markets is attributed to
low quality of nuts due to aflatoxin contamination. There
is a need for systematic evaluation of the incidence and
extent of af latoxin contamination at the farm level (pre-
and postharvest) and at buying points and warehouses.
This information w i l l permit the identif ication of appro-
priate methods of management suitable to smallholder
farmers, traders, processors, and exporters.
Domestic and international marketing possibilities
should be explored in order to broaden the range of
varieties for which there is market acceptance. The current
situation whereby only the small-seeded, short-duration
varieties gain ready market acceptance could hinder the
introduction of more productive medium- or long-duration
cultivars appropriate for some agroecologies.
Training of scientists, technicians, and extension
workers and reconstruction of infrastructure in INIA is
urgently required to address the issues pertaining to
groundnut research and development in Mozambique.
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A S i m p l e , R a p i d , a n d N o n d e s t r u c t i v e
M e t h o d fo r Screening A l u m i n u m
T o l e r a n c e i n G r o u n d n u t
K K Pal and Rinku Dey (National Research Centre for
Groundnut, PO Box 5, Junagadh 362 001,Gujarat, India)
A luminum (A l ) toxic i ty is a major constraint l imi t ing
the growth of groundnut in acid soils. Therefore, selection
and breeding of groundnut for increased aluminum
tolerance/resistance could be a useful approach for
increasing the production of the crop in acid soils
particularly in the eastern and north-eastern states of
India. A simple and rapid technique is required to assess
the sensitivity/tolerance/resistance of the genotypes of
groundnut to Al-stress. Two main methods, soil culture
and nutrient solution culture, have been employed for
screening Al tolerance in other crops (Ma et al. 1997).
The nutrient solution technique is preferred as the roots
are easily visible. However, the presence of interfering
ions, particularly phosphate, Ca, and other metals, may
be a shortcoming of this method. In an attempt to overcome
these problems, a rapid and nondestructive seedling assay
has been developed to screen the groundnut genotypes
for Al - tox ic i ty tolerance.
In a preliminary screening, nine cultivars representing
various habit groups i.e., Virginia (bunch and runner),
Spanish, and Valencia were selected. Seeds were washed
wi th deionized water (M i l l iQ ) and germinated in acid-
washed petri dishes containing water agar (0 .5% agar in
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Table 1. Seedling assay: root length of groundnut seedlings after 7 days of incubation at 28±2°C.
Concentration of Al in uM
SECultivar 0 25 50 100 200 400 Rank
JL24 16.761 16.53 (01.37)2 14.27 (14.86) 13.46 (19.69) 13.53 (19.27) 11.13 (35.38) ±0.95 T3
ICGV89211 9.97 6.83 (31.43) 5.27 (47.19) 4.37 (56.22) 3.07 (69.28) 2.07 (79.32) ±0.74 HS
TG26 8.87 7.53 (15.10) 4.60 (48.14) 3.70 (58.29) 2.03 (77.11) 1.30 (85.34) ±0.78 HS
T M V 2 8.63 5.57 (35.46) 3.30 (61.76) 2.67 (69.06) 1.53 (82.27) 1.40 (83.77) ±0.60 HS
Gangapuri 11.73 12.00 (-1.95) 11.80 (-0.26) 11.10 (05.69) 9.23 (21.58) 6.13 (47.92) ±0.84 I
Ak 12-24 8.90 8.60 (03.37) 6.63 (25.50) 5.47 (38.54) 2.83 (68.20) 1.63 (81.68) ±0.57 HS
M 13 12.97 12.30 (05.09) 8.20 (36.73) 7.33 (43.44) 5.43 (58.10) 3.80 (70.68) ±0.99 HS
Girnar 1 11.40 9.73 (14.65) 10.13 (11.14) 9.07 (20.53) 6.53 (42.72) 4.57 (59.91) ±0.73 I
Kadiri 3 13.27 11.63 (12.29) 11.17 (15.76) 4.80 (64.33) 3.63 (72.62) 2.87 (78.35) ±1.10 HS
SE ±1.15 ±0.85 ±0.86 ±0.65 ±0.83 ±0.48
1. Root length as mean of five seedlings replicated three times in cm.
2. Data in parentheses represent percent reduction in root length compared with control.
3. T= tolerant; HS= highly sensitive; I- intermediate.
deionized water), at 28°C. After 48 h, the seedlings wi th
radicle length of 1 cm were separated into petri dishes
containing 15 ml of deionized water w i th different con-
centrations (0, 25, 50, 100, 200, and 400 uM) of Al
(A1C13.6H2O) wi th 0 concentration as the control. The
pH of the medium was adjusted to 4.5. In each petri dish,
five germinated seedlings of each cultivar were placed
(replicated three times) and incubated at 28±2°C for
seven days in an incubator. The solution in each petri
dish was replaced wi th fresh solution of AICI3 every day.
Af ter seven days of growth, the seedlings were taken out
and washed wi th deionized water several times. The root
length of each seedling was measured. Then the roots
were stained wi th a 0 . 1 % aqueous solution of erichrome
cyanine R and 0 . 1 % hematoxylin in 0 . 0 1 % KIO3 for 15
min. The excess dye was removed by washing the
seedlings in deionized water. Stained roots reflect the
sensitivity to Al - tox ic i ty (Polle et al. 1978). The staining
patterns were observed to ascertain the results obtained
in the root inhibit ion studies. Cultivars which were not
stained wi th either of the stains at any Al level and
which d id not show more than 4 0 % reduction in root
growth at the highest concentration (400 uM) of Al were
ranked as tolerant whereas those which stained at al l the
levels and where the reduction in root growth was more
than 6 0 % at the highest concentration were ranked as
highly sensitive. Intermediate rank was given to those
cultivars in which the reduction in root growth was
between 40 -60% at the highest concentration and staining
of the roots was obtained with 100 uM of Al concentration
onwards. In erichrome cyanine R staining, pink coloration
and in hematoxylin staining, greyish-brown coloration
along the entire root were the indicators of Al sensitivity.
In this method, more emphasis has been given to the
comparison of root length of Al-affected plants wi th
control plants grown in absence of Al and the percent
reduction in the root length. In the tolerant cult ivar, JL
24, the root growth was reduced by 35.38% at even 400
uM concentration of Al whereas in the highly sensitive
cultivars l ike ICGV 89211, TG 26, T M V 2, Ak 12-24,
M 13 and Kadir i 3, the inhibit ion of root elongation
ranged from 70-85% at the same concentration (Table 1).
Analysis of slope vs root length of control also con-
f irmed the tolerance of JL 24 to Al - tox ic i ty as it had the
lowest value for b (0.06) among the cultivars studied.
For Gangapuri the reduction at 400 uM was 47.92% and
for Gimar 1 59.91%. However, the data appear anomalous
in these two cultivars, particularly in Gangapuri. In the
sensitive cultivars ( ICGV 89211, TG 26, T M V 2, and
M 13), drastic reduction in the root length was observed
even at a concentration of 50 uM of Al whereas in the
tolerant cultivar l ike JL 24, the tolerance was obvious.
Al though there is considerable variation in the root
length in the different concentrations of A l - tox ic i ty
across the cultivars, the method is simple as percent
reduction of root length has been considered for assessment.
The result was more or less consistent w i th the staining
pattern (Table 2). Staining may be used in this method
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Table 2. Staining patterns of groundnut roots with
erichrome cyanine R and hematoxylin.
A l concentration ( u M )
Cult ivar 01 25 50 100 200 400
J L 2 4 - - - - - -
ICGV 89211 - + + + + +
T G 2 6 - + + + + +
T M V 2 - + + + + +
Gangapuri - - - - + +
A k 12-24 - - + + + +
M 1 3 - - + + + +
Girnar 1 - - - + + +
Kadir i 3 - + + + + +
1. Control.
as a confirmatory test. It is nondestructive as the seed-
l ing showing tolerance can immediately be transferred
to the normal growth medium and subsequently grown
for mult ip l icat ion. This method requires only 10 days
and is suitable for screening large numbers of plants.
Since no interfering ions l ike phosphate, Ca or other
metals were present, the results obtained in this method
are reliable as far as A l - tox ic i ty is concerned. At
present, the method is being refined and the effects of
seed size being examined as seed reserves are the sole
source of nutr i t ion. Identif ication of the possible
mechanism(s) involved in A l - tox ic i ty tolerance after
ident i fy ing the source of resistance/tolerance is being
investigated.
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Response to S u l f u r o f R a i n f e d
G r o u n d n u t Genotypes o n L a t e r i t i c
S a n d y L o a m ( A e r i c H a p l u s t a l f ) i n
Or issa , I n d i a
S K Sahu, S C Nayak, J K Dhal, and R K Nayak
(Orissa University of Agriculture and Technology,
Bhubaneswar 751 003, Orissa, India)
Groundnut is a major oilseed crop in Orissa contr ibuting
nearly 57% of the total oilseed production of the state.
Lateritic uplands in Orissa are suitable for growing
khar i f (rainfed) groundnut crops which are mostly used
for seed purposes during the rabi (dry) season. Of many
constraints for sustaining groundnut productivi ty in the
wet season, deficiency of sulfur in red and lateritic
(Aeric Haplustalf) soils is considered most important.
Investigations on the status of sulfur in soils of Orissa
showed that nearly 5 0 - 6 0 % of the above soils were def i -
cient in this nutrient ( ICAR 1997). Sahu and Das (1997)
showed a 10-25% increase in y ield when groundnut
was grown in lateritic soils wi th added sulfur. Different
genotypes of groundnut show variations in their sulfur
requirements but information on sulfur requirements of
major groundnut genotypes cultivated during wet seasons
on lateritic soils in Orissa is meagre.
In order to find out suitable doses of sulfur for five
genotypes (Smruti , AK 12-24, ICGS 11, T A G 24, and
TG 3) field trials were carried out wi th 4 levels of S (0,
15,30, and 45 kg S ha-1) during 1996 and 1997 wet seasons
on lateritic soil at the Central Research Station, Orissa
University of Agriculture and Technology. Altogether
20 treatments were replicated three times in a factorial
complete block design. Phosphogypsum containing 15%
sulfur was the source of sulfur.
The soil of the experimental sites was sandy loam
(Aeric Haplustalf) wi th pH 5.5 to 5.6, organic carbon
0.3-0.35%, and 0.15% CaCl2-extractable S between 8.5
to 9.0 mg kg -1. The crops received 20 kg N, 17.5 kg P,
and 33.2 kg K ha-1. Diammonium phosphate, urea, and
muriate of potash were the sources of N, P, and K as
needed. The crops received NPK along wi th S in fu l l at
the t ime of sowing.
The data (Table 1) showed that application of S sig-
nif icantly increased the pod yields, shelling turnover,
and uptake of sulfur by groundnut. Max imum pod yields,
shelling turnover and uptake of S were recorded fol lowing
application of S at 45 kg ha1 . The genotypes of ICGS 11
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S uptake (kg ha-')
Treatments 1996 1997 Mean
Genotype
Smrut i 942 681 811 69.5 69.2 69.3 3.13 2.10 2.67
A K 12-24 793 587 690 67.5 69.4 68.4 2.62 2.17 2.39
ICGS 11 920 751 836 69.2 69.3 69.2 2.50 2.62 2.60
T A G 24 852 598 724 69.0 66.4 67.7 2.60 2.24 2.42
T G 3 900 575 737 68.0 67.6 67.8 2.66 1.79 2.23
C D (P = 0.05) 22.1 37.0 - NS 2.1 - 0.05 0.42 -
Level of S (kg ha-1)
0 (control) 804 558 681 65.3 64.1 64.7 2.28 1.50 1.95
15 848 601 724 67.3 66.9 67.1 2.56 1.85 2.22
30 925 661 793 70.2 70.6 70.4 2.70 2.48 2.59
45 955 732 843 71.2 71.9 71.5 2.81 2.80 2.80
C D (P = 0.05) 13.2 74.7 - 0.91 1.5 - 0.02 0.15 -
Table 2. Response of groundnut genotypes to different levels of sulfur during two wet seasons in Orissa, India.






Smrut i 714 751 (5.2)
2 827 (15.0) 952 (33.3) 811
A K 12-24 619 664 (7.3) 742 (19.8) 737 (19.1) 690
ICGS 11 721 795 (10.3) 875 (21.3) 967 (34.1) 836
T A G 24 686 708 (3.2) 743 (8.3) 760 (10.8) 724




Levels of S 
843 (23.8)
CD (P = 0.05) 29.5 66.1
1. For levels of sulfur, see Table 1.
2. Figures in parentheses indicate percentage increase over control, S0, of the same variety.
and Smruti produced the maximum pod yields, shelling
turnover, and uptake of S. This may be due to genotypic
effects. Appl icat ion of S at 30-45 kg ha-1 is considered
adequate for wet season groundnut genotypes for growing
in lateritic, sandy loam.
The interaction data averaged for two years (Table 2)
showed that genotypes ICGS 11 and Smruti had higher
responses to sulfur application. For application of 45 kg
S ha-1 the maximum pod yield of 967 kg ha-1 was obtained
for the genotype ICGS 11, and 952 kg ha-1 for Smruti.
The corresponding yield increases over the control at
this level of S were 3 4 . 1 % for ICGS 11 and 33.3% for
Smruti. Other genotypes showed a lower response to S.
The relative susceptibility for groundnut genotypes to
sulphur stress were ICGS 11 > Smruti > TG-3 > AK 12-
24 > T A G 24.
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Deleterious Rhizobacteria Associated
with Groundnut
Rinku Dey, K K Pal, S Chauhan, and D M Bhatt
(National Research Centre for Groundnut, PO Box 5,
Junagadh 362 001, Gujarat, India)
A myr iad of microorganisms is commonly present in the
rhizosphere of a growing plant. The nature of these
microorganisms depends on the types of root exudates
and substrate avai labi l i ty . Several categories of rhizo-
sphere bacteria are currently recognized (Chanway et al.
1991) including disease-causing pathogens, deleterious
rhizobacteria (DRB), plant growth-promoting rhizobacteria
(PGPR) and symbiotic/asymbiotic bacteria. Evidence is
increasing that the saprophytic/free l iv ing microf lora of
the rhizosphere have the potential to influence plant
growth and crop y ie ld substantially.
Initially, to study rhizobacteria associated wi th ground-
nut, about 400 different rhizobacterial isolates were
obtained f rom the rhizotic zones of groundnut. These
were tested for different plant growth-promoting/inhibiting
attributes such as production of indole acetic acid ( I A A )
(Sarwar and Kremer 1995), siderophores (Schwyn and
Neilands 1987), and hydrocyanic acid (HCN) (Bakker and
Schippers 1987). Most of the cyanogenic strains were
fluorescent pseudomonads (Table 1). The attributes
were determined fo l lowing the standard procedures of
the authors mentioned above. Dur ing this study on plant
growth-promoting rhizobacteria (PGPR) associated w i th
groundnut rhizosphere, other root colonizing bacteria
including cyanogenic ones that were deleterious to seed
germination and seedling growth were frequently isolated.
Seedling bioassays were conducted wi th both deleterious
(cyanogenic) and noncyanogenic bacteria by the dual
culture technique of A ls t rom and Burns (1989) using
pregerminated seedlings under aseptic conditions.
Table 1. Growth-affecting attributes of rhizobacteria and their cyanogenic effect on seedling growth of groundnut
cultivar JL 24 after 7 days.
Isolate Organism
I A A





C 4 2 Pseudomonas spp 1.00 +++ ++ 1.75
C 103 Pseudomonas spp - +++ ++ 0.51
C 2 2 0 Pseudomonas spp - + + + ++ 1.13
C 6 3 Pseudomonas spp - + + + ++ 0.74
C 2 8 5 Pseudomonas spp - ++ +++ 2.42






















379 Pseudomonas spp 1.63 - + + 1.93
29 Pseudomonas spp 1.67 ++ + + + 0.64
85 Pseudomonas spp 1.77 +++ + + + 1.94
2 Pseudomonas spp 3.47 + + + 2.44
Control - - - 3.82
L S D (P = 0.05) 1.73
1. Mean of three replications having three seedlings in each.
2. + or - indicates degree of activity.
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Figure I. Effect of a cyanogenic microorganism, Pseudomonas spp strain C 103 (fluorescent), on the seedling growth of
groundnut cultivar JL 24 (left: control; right: cyanogenic strain C 103).
The noncyanogenic fluorescent pseudomonad, C 185,
significantly increased the root growth compared with the
control (Table 1) whereas cyanide produced by the cya-
nogenic bacterial isolates i.e., C 103, C 63, and 29 strongly
inhibited the growth of the root (Fig. 1). Typical black-
ening and tip burning of the roots were also observed
which may be due to cyanogenesis. Further attempts
were made to study the effects of the selected cyanogenic
and noncyanogenic rhizobacteria on the growth and
yield of groundnut as reported here.
A plot experiment was conducted during the rabi/
summer season of 1998 using groundnut cultivar JL 24.
The experiment had eleven treatments: five potentially
cyanogenic bacteria, f ive noncyanogenic bacteria, and a 
control. Each treatment was replicated six times and plants
from three pots were uprooted for counting nodules at 45
days after sowing (DAS) and at harvest observations
were taken from the remaining three pots. Each pot of
35 cm diameter had 20 kg soil and f ive plants were
grown in each pot. A l l the pots were ferti l ized wi th 20
kg N ha*1 as urea (0.44 g) and 40 kg P2O5 ha
-1 as single
superphosphate (SSP) (2.5 g). Seed pelleting was done
using 48-h old broth cultures and the inoculum load was
approximately 108 cfu seed-1. The mean nodule number
per plant was recorded at 45 DAS. At harvest, the mean
main root length, root and shoot biomass, and pod yield
per plant were recorded (Table 2). The length of the
main root was measured after removing the root from
the soil of the pot by splashing water into the pot at high
pressure from a pipe so that the total root system could
be taken out. The cyanogenic isolates (C 42, C 103, and
C 63) inhibited plant growth and lowered the pod yield
as was evident from the significant reduction in root
length, root biomass, and pod yield. There was some
reduction in shoot biomass also. The reduction in yield
was as high as 41.67% in isolate C 63 and 29.32% in
isolate C 42 (Table 2). Similar observations on yield loss
and inhibit ion of root growth due to inhibitory bacteria
I A N 19, 1999 49










Bacterial isolate (cm) roo t (g ) shoot (g) (g) at 45 D A S
C 42 (Cya+)2 19.66 1.08 10.39 2.29 61
C 103 (Cya+) 21.00 1.04 9.62 2.30 37
C 220 (Cya+) 26.87 1.45 10.81 2.99 86
C 63 (Cya+) 18.87 1.03 9.42 1.89 22
C 285 (Cya+) 27.90 1.46 11.37 3.54 83
C 185 ( C y a ) 39.00 2.22 16.68 4.04 112
3 6 3 ( C y a ) 34.27 2.00 13.65 3.95 111
3 5 9 ( C y a ) 32.47 1.99 11.78 3.95 88
3 9 7 ( C y a ) 36.33 2.04 14.54 3.97 79
3 8 7 ( C y a ) 27.53 1.57 11.77 2.79 66
Control 26.67 1.50 11.88 3.24 65
SE ±2.58 ±0.14 ±0.88 ±0.24 ± 6.11
C V ( % ) 11.21 10.70 8.97 9.21 10.15
1. Data presented are the means of three replications.
2. Cya*-cyanogenic;Cya = noncyanogenic.
have been made earlier (Bakker and Schippers 1987,
Doty et al . 1994). Inhibi t ion of root cell energy metabo-
lism by H C N is suggested as the cause of y ie ld reduction
(Bakker and Schippers 1987). Nodulat ion was also in-
hibited by C 103 and C 42 isolates. Cyanide is harmful
to aerobic organisms such as rhizobia. Thus, the native
rhizobial population may have been reduced due to the
cyanide effect which in turn affected nitrogen availability.
However, increase in yield of groundnut was observed by
the seed coating wi th the noncyanogenic isolates C 185
(24.69%) and 397 (22.53%), which were signif icantly
higher than the control. As fluorescent pseudomonads
are abundant and versatile in the soi l , the presence of a 
large number of cyanogenic microf lora could affect the
growth and yield of groundnut. Glycine and methionine
are the two precursors for cyanogenesis. Groundnut also
secretes sufficient amounts of cyanogenic precursors in
the form of root exudates which may be used by the
inoculated cyanogenic micoorganisms to affect the growth
and y ie ld of the crop. I t w i l l be wor thwhi le to study
the dynamics of soil microflora vis-a-vis cropping systems
and soil status to understand the role of these detrimental
rhizobacteria on the yield of groundnut.
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R h i z o b a c t e r i a
K K Pal, Rinku Dey, D M Bhatt, and S Chauhan
(National Research Centre for Groundnut, PO Box 5,
Junagadh 362 001, Gujarat, India)
The bacteria that provide some benefit to plants are of
two general types, those that form a symbiotic relationship
wi th them and those that are free-living in the soil, but
are often found near, on, or even within the roots of plants.
Beneficial free-l iving soil bacteria are usually referred to
as plant growth-promoting rhizobacteria or PGPR. Some
of these such as Rhizobium spp have considerable potential
to alter the composition and activity of rhizosphere micro-
flora (Schroth and Ole Becker 1990) and some promote
nodulation by rhizobia and thus are called nodulation-
promoting rhizobacteria (NPR) (Kloepper et al. 1988).
The beneficial effect of these bacteria has been variously
attributed to their abil i ty to produce various compounds
including phytohormones, organic acids, and siderophores,
to f ixation of atmospheric nitrogen, to phosphate solubili-
zation, to antibiotics that suppress deleterious rhizobacteria
or to some other unidentif ied mechanisms (Glick 1995).
Motile rhizobacteria may colonize the rhizotic zones of the
plant more profusely than nonmotile organisms resulting
in better rhizosphere activity and nutrient transformation.
They may also eliminate deleterious rhizobacteria from
the rhizosphere by niche exclusion g iv ing better plant
growth (Weller 1988).
A novel approach was adopted for the isolation of
PGPR from the groundnut rhizosphere by ACC deaminase
activity using ACC (1-aminocyclopropane-l-carboxylate,
Sigma) as the sole source of N. This enzyme lowers the
level of ethylene in developing plants by hydrolyzing
ACC, ethylene's immediate precursor (Jacobson et al.
1994). If the level of ethylene fo l lowing germination is
too h igh, root elongation is inhibited. This model
predicted that any rhizosphere bacterium with A C C
deaminase activity which could bind to plant seeds or
roots in the soil should also be able to promote root
elongation and thus be a PGPR (Gl ick 1995). Using this
approach, many potential PGPR which had ACC deaminase
activity were isolated from groundnut rhizosphere.
These isolates were also tested for other growth- in f lu-
encing characteristics like production of siderophores
(Schwyn and Neilands 1987), indole acetic acid (Sarwar
and Kremer 1995), and phosphate solubil ization
(Pikovskaya 1948) (Table 1). Pseudomonas sp ( B H U 1)
and fluorescent Pseudomonas isolate C 185 exhibited
almost all the attributes of PGPR in vitro. An open air
experiment in pots was conducted during the rabi/summer
season of 1998 to evaluate the effect of these rhizobacteria
on groundnut growth, yield, and nodulation of groundnut
cultivar JL 24, under nonsterile conditions. The experiment
had ten treatments: eight isolates with ACC deaminase
activity, one without ACC deaminase activity as control
{Arthrobacter sp), and an uninoculated control. Each
treatment was replicated six times wi th f ive plants pot-1.
Each pot of 35 cm diameter had 20 kg soil and was fer-
t i l ized wi th 0.44 g urea (20 kg N ha-1) and 2.50 g single
superphosphate (SSP) (40 kg P2O5 ha
-1). Seed coating
Table 1. Plant growth-promoting attributes of some of the rhizobacterial isolates.
A C C I A A Phosphate
Rhizobacteria deaminase Mot i l i ty Siderophore (mg L-1) solubi l ization
Bacillus sp (NN) ++
1 _ _ - -
Beijerinckia sp (B 17) + + + - - - -
Pseudomonas sp (M13-19) + ++ ++ - -
Pseudomonas sp ( B H U 1) ++++ +++ +++ - +
Arthrobacter sp (9) - + - - -
Fluorescent pseudomonads
strain A 15 ++++ +++ - - -
strain A 18 ++++ + + - -
strain A 19 ++++ + + - -
strain C 185 ++++ ++ +++++ 3.6 -
1. + or - indicates degree of reaction.
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Table 2. Effect of plant growth-promoting/nodulation-promoting rhizobacteria on the nodulation, growth, and












Isolate root (g) shoot (g) (g)
N N 122 41.0 2.17 16.86 4.70
B 1 7 125 43.0 1.98 6.20 4.75
M 13-19 120 41.0 1.88 14.62 4.32
B H U 1 166 46.0 2.29 19.54 5.24
9 77 31.7 1.68 11.26 2.81
A 15 121 43.0 2.17 15.60 4.54
A 18 130 43.0 2.13 15.23 4.59
A 19 163 44.0 2.60 18.34 5.14
C 185 173 47.7 3.24 28.37 5.31
Control 110 38.3 1.82 14.29 4.30
SE ±6.3 ±2.2 ±0.16 ±1.40 ±0.31
CV(%) 5.9 6.5 8.8 10.1 8.4
1. Data are the means of three replications.
2. A l l data were taken at harvest except nodule number.
was done using 48-hour old broth cultures and the inoculum
load was approximately 108 cfu seed-1. Three replications
from each treatment were used for taking nodule counts
by uprooting the plants at 45 DAS and the remainder were
kept up to harvest. At harvest, the pod yield, root and
shoot biomass (dry mass), and root length were recorded
(Table 2).
In general, all the inoculated treatments, except the
one inoculated wi th isolate no. 9 (Arthrobacter sp)
registered better growth, y ie ld, biomass, root length and
higher nodule numbers compared wi th the uninoculated
control. Seed coating wi th pseudomonad isolates like
B H U 1, A 19, and C 185 resulted in significantly greater
root length, root and shoot biomass, pod yield, and nodule
number compared with the control. This may be attributed
to various factors such as ACC deaminase activity,
siderophore production, and increase in root length. These
bacteria may have enhanced the uptake of materials
resulting in healthier and better root systems and resultant
improved plant growth. As ACC deaminase-negative
organism (isolate no. 9) exhibited a deleterious effect on
plant growth, A C C deaminase activity had played some
positive role in plant growth promotion. Al though there
was considerable variation in the plant growth promotion
by different isolates having ACC deaminase activity,
other attributes and population dynamics may also have
played a significant role. Rhizobacterial mot i l i ty did not
appear to have any clear role in promoting plant growth.
In general, all the inoculants (except isolate no. 9)
signif icantly increased the number of nodules produced.
There are reports of enhancement of nodulation by
Rhizobium in the presence of Bacillus sp (Srinivasan et
al. 1997). Thus coinoculation of compatible PGPR and
Bradyrhizobium may promote improved plant growth under
natural conditions. At present elucidation of the possible
mechanisms of plant growth promotion by these
rhizobacteria is being explored. Field trials are underway
to confirm the results obtained in the pot experiment.
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G e n o t y p i c C o m p a t i b i l i t y i n G r o u n d n u t /
P igeonpea I n t e r c r o p p i n g Systems
P K Ghosh, R K Mathur, A Bandyopadhyay, Devi
Dayal, H K Gor, and P R Naik (National Research
Centre for Groundnut, PO Box 5, Junagadh 362 001,
Gujarat, India)
The concept of intercropping has changed recently from
being merely risk avoiding to increasing resource-use
efficiency and yield per unit area. However, the system
is sti l l not understood adequately compared wi th that of
sole cropping in terms of maximum system efficiency;
and more so regarding the concept of genotypic compati-
bi l i ty. The performance of genotypes in intercropping
may be dissimilar to the performance of genotypes in
sole cropping because when groundnut is grown wi th a 
more dominant associated crop, the potential for geno-
type improvement is expected to be high as a result of
possible interactions wi th the associated crop; and the
effect is confounded by many factors. Therefore, there
may be a particular need for identification and selection
of suitable habit groups as wel l as genotypes of both base
crop and intercrop in such characteristics as opt imum
and efficient interception of solar radiation, nutrient and
water uptake, moisture status of soil, and disease and
pest incidence. To date, information is available for
relatively few genotypes of groundnut which have been
examined wi th only a few cereal genotypes (Reddy et al.
1991).
Work on this genotypic compatibility has been initiated
at the National Research Centre for Groundnut, Junagadh,
India, on groundnut/pigeonpea intercropping systems
since the khar i f (rainy) season of 1996. A br ief report on
preliminary information on the efficiency of the system
based on groundnut equivalent yield for the years 1996
and 1997 is given here. Compatibi l i ty of groundnut
genotypes belonging to three habit groups i.e., Spanish
bunch (SB), Virginia bunch (VB) , and Virginia runner
(VR) wi th two habit groups of pigeonpea i.e., compact
(C), and medium-tall (MT) was tested in a randomized
block design replicated three times. One genotype of
groundnut from each habit group and two genotypes of
pigeonpea from each habit group were included in the
study (Table 1). The SB genotype was sown at a spacing
of 30 x 10 cm and VB and VR at 60 x 10 cm. A row ratio
of 3 (groundnut) : 1 (pigeonpea) was maintained wi th
SB and 1:1 with VB and VR. A basal application of
diammonium phosphate (100 kg ha-1) was applied to
both the crops based on area occupied by each crop. The
recommended plant population for both the crops was
maintained. The plant spread was measured as the dis-
tance between the tips of maximum spreading of lateral
branches. Grain yield of pigeonpea was converted into
groundnut equivalent yield (GEY) as GEY = yield of
pigeonpea x unit price of pigeonpea grain / unit price of
groundnut pods. The market price of pigeonpea seed
was Rs 18 kg -1 and of groundnut pods Rs 15 kg -1.
Table 1. Salient characteristics of the groundnut and
pigeonpea genotypes.











ICPL 87 Compact Short duration, bushy
ICPL 88039 Compact Extra-short duration, erect
ICPL 87119 Medium tall Medium duration, erect
BDN2 Medium tall Medium duration, bushy
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Then total groundnut equivalent y ie ld ( T G E Y ) was
estimated as the sum of GEY and pod yield of groundnut.
Results
Early versus late maturity of both the crops
The results indicated that by increasing the crop duration
of groundnut and by shift ing f rom bunch to runner type,
the groundnut contribution to TGEY tended to increase.
Similarly, inclusion of late-maturing pigeonpea genotypes
in the intercropping system also resulted in higher
TGEY (Table 2). Among the three groundnut genotypes
used, M 13, a long-duration VR genotype, gave the
highest TGEY. More dry mass (24.35 g as against 16.5
g for GG 2 and 21.48 g for Kadi r i 3) and spread of M 13
genotype and its abi l i ty to compensate for any stress,
particularly shading of pigeonpea, was also evident. The
late-maturing pigeonpea genotypes, 1CPL 87119, and
B D N 2 were superior to the early-maturing genotypes,
ICPL 87 and ICPL 88039.
Compact versus tall habit groups of pigeonpea
In general, bushy genotypes of pigeonpea gave higher
yields than the erect types. For example, in the MT habit
group B D N 2, a bushy type, gave a higher y ie ld than
ICPL 87119, an erect type (Table 2) and in C types,
ICPL 87 (bushy type) gave a higher yield than ICPL 88039
(erect). Simi lar ly, the tall-statured genotypes ( B D N 2 
and ICPL 87119) performed better than short-statured
types (ICPLs 87 and 88039) in genotypic combinations
(Table 2). This may be attributed to a higher number of
secondary branches (10.7-MT versus 7.7-C), number of
mature pods (170.7-MT versus 140.5-C), mature pod
weight (65.6 g -MT versus 54.3 g-C), dry matter plant-1
(72.6 g -MT versus 63.2 g-C) and uni form maturity of
these habit groups. Tal l types had less spread in the
early stage of crop growth. In contrast, growth rate of
the ICPL 87, a short-statured type, was high at the init ial
stage of growth and the plant spread was more (26.1 cm)
than B D N 2 (22.5 cm), a tall-statured type, before the
harvest of groundnut. Wi th a shift f rom Spanish to
Virginia runner type the dry matter y ie ld of groundnut
tended to increase (16.5-24.4 g) irrespective of pigeonpea
genotypes.
Interact ion
The genotypic combination M 13 x B D N 2 recorded
significantly higher TGEY than all other combinations
(Table 2). Seed yield of B D N 2 was the highest (1.46 t 
ha-1) among the pigeonpea genotypes and contributed
more towards TGEY in this genotypic combination than
pod yield of M 13. B D N 2 behaved l ike an erect type at
the peak period of groundnut growth but as a bushy type
(86.7 cm spread) at groundnut maturity, thus, the y ie ld
of long-duration groundnut was not affected. The results
also indicated that variation in the incidence of early
leafspot (ELS), late leafspot (LLS) , and rust among the
groundnut genotypes was negligible irrespective of the
pigeonpea genotypes.
Table 2. Effect of groundnut and pigeonpea genotypes on pod yield of groundnut, seed yield of pigeonpea and
total groundnut equivalent yield in groundnut/pigeonpea intercropping, 1995/96 and 1996/97, Junagadh,
Gujarat , India.
Pod yield of groundnut
(t ha-1)
Seed yield of pigeonpea
(t ha-1)




GG2 Kadiri 3 M 13 Mean GG 2 Kadiri 3 M 13 Mean GG2 Kadiri 3 M 13 Mean
ICPL 87 0.60 0.46 0.96 0.68 0.42 0.89 0.62 0.64 1.24 1.80 1.89 1.64
ICPL 88039 0.62 0.54 0.82 0.66 0.20 0.45 0.40 0.35 0.93 1.21 1.41 1.19
ICPL 87119 0.67 0.38 0.73 0.60 1.10 0.83 1.40 1.11 2.33 2.39 2.83 2.51
B D N 2 0.70 0.79 0.88 0.79 1.25 1.32 1.82 1.46 2.58 2.78 3.63 2.99
Mean 0.65 0.54 0.85 0.68 0.74 0.87 1.05 0.89 1.77 2.04 2.44 2.08
SE for groundnut genotypes











CV (%) 23.22 31.42 22.4
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These results indicated that bushy, tal l , and late-
maturing pigeonpea in combination with Virginia runner
types of groundnut performed better than the erect,
short, and early-maturing types in intercropping systems.
The study is being continued for further confirmation.
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Resource -Use Ef f ic iency a n d P r o d u c t i o n
Poten t ia l i n S u m m e r G r o u n d n u t - C e r e a l
F o d d e r Associat ions: E v a l u a t i o n of a 
N e w C o n c e p t
P K Ghosh, Devi Dayal, P R Naik, and Virendra
Singh (National Research Centre for Groundnut, PO Box
5, Junagadh 362 001, Gujarat, India)
In India, summer groundnut is usually irrigated by the
border strip method (one of the most commonly fol lowed
surface-irrigation methods ) where 3-4 rows of groundnut
in each strip are maintained. The borders made for the
purpose of irrigating summer groundnut generally remain
unused during the entire crop season. Thus, wi th a view
to util izing the borders and to provide green fodder during
the dry season, an experiment in the form of strip cropping
was conducted during the summer seasons of 1996 and
1997 at the National Research Centre for Groundnut,
Junagadh.
The soil of the experimental plot was medium black
(pH 7.7) having organic carbon 0.52 %, available P 10.14
kg ha-1 and available K 245 kg ha-1. Cereal fodders i.e.,
maize (Zea mays L.), sorghum (Sorghum bicolor (L.)
Mocnch) and pearl mi l let (Pennisetum glaucum L.) and
groundnut (Arachis hypogaea L.) cv GG 2, a Spanish
bunch type, were sown simultaneously in the first week
of February. The fodder crops were grown on the borders.
Three rows of groundnut spaced at 30 cm were main-
tained in between two rows of fodder. This way, border
to border distance was 120 cm. One cutting for all and
two cuttings for sorghum and pearl mil let were made.
The first cut was taken 60 days after sowing (DAS)
( f lower ing stage) and the second cut at 106 DAS (time of
groundnut harvest). Larger plot sizes of 4.6 m x 10 m 
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Table 2. Growth dynamics of groundnut in combination with different fodders (pooled over summers, 1996 and
1997), Junagadh, Gujarat , India.
Dry matter Nodule number Nodule dry mass
(g plant-1 ) plant-1 (mg plant-1)
Crop combinations and number of cuttings 1 st cut 2nd cut 1 st cut 2nd cut 1 st cut 2nd cut
Sole groundnut 5.6 20.85 7.7 17.0 46.2 96.0
Groundnut + maize (single cut) 4.6 10.36 6.4 15.7 39.9 79.5
Groundnut + sorghum (single cut) 4.6 12.01 7.0 15.5 38.5 83.5
Groundnut + pearl millet(single cut) 4.3 12.00 5.9 16.8 32.3 88.5
Groundnut + sorghum (two cuts) 4.2 11.50 4.1 15.1 33.1 72.5
Groundnut + pearl millet (two cuts) 4.0 11.97 5.5 14.8 32.2 69.8
Mean 4.5 13.11 6.1 15.8 37.0 81.6
SE ±0.23 ±1.57 ±0.50 ±0.47 ±2.71 ±2.95
CV (%) 22.64 28.5 22.6 20.53 28.1 25.5
were maintained. The treatments included sole ground-
nut, groundnut + maize (single cut), groundnut + sorghum
(single cut), groundnut + pearl mil let (single cut),
groundnut + sorghum (two cuts) and groundnut + pearl
millet (two cuts) and were tested in a completely randomized
block design replicated three times. The necessary plant
protection, irr igation and other management practices
were fol lowed during the crop growth. The cereal fodders
received 80 N kg ha-1. Twenty kg N ha-1 was applied to
the fodder crops after harvest of the first cut in treatments
where two cuts were planned. One sole groundnut treatment
was maintained for comparison. Production efficiency
of the fodder was calculated by taking total production
divided by the duration of the crop
Data pooled over two years indicated that green fodder
yield was the highest in pearl millet with two cuts fol lowed
by pearl mi l let wi th a single cut and sorghum wi th two
cuts (Table 1). Superiority of pearl mi l let over sorghum
and maize was perhaps due to a higher number of ti l lers.
The production efficiency was the highest in pearl mi l let
w i th a single cut fo l lowed by pearl mi l let wi th two cuts.
The highest pod yield was recorded in sole groundnut.
When two cuts of pearl mi l let and sorghum were made,
the pod yields of groundnut were 0.19 and 0.16 t less
wi th two cuts than wi th a single cut but two cuts of these
crops gave 3.7 and 5.7 t more green fodder than that of a 
single cut. Moreover, about Rs 1133 and Rs 1676 higher
net returns were obtained wi th two cuttings of the pearl
mil let and sorghum system than wi th a single cut. Thus,
groundnut yield reduction due to two cuts of pearl mi l let
and sorghum was nul l i f ied by high fodder yield and high
net return. Reduction in y ield of groundnut due to two
cuts of pearl mi l let and sorghum as compared wi th a 
single cut and a single cut of maize was evident from
reduction in groundnut biomass, nodule number and
mass (Table 2), pod yield per plant and 100-kerneI mass
(Table 1).
Net return based on market prices of Rs 1 kg-1 for
fresh fodder and Rs 15 kg -1 for groundnut pods was
maximum and so was the benefit: cost (B:C) ratio when
pearl mil let was cut twice. The lowest net return and
B:C ratio were recorded in sole groundnut. Higher net
returns of Rs 10 046 more were obtained from the sys-
tem with two cuts of pearl mi l let as compared wi th sole
groundnut. Thus, the present study indicated that two
cuts of pearl mi l let f rom the crop combination wi th sum-
mer groundnut not only provide additional income to
the farmer but also mitigate to some extent the fodder
scarcity during the summer season.
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Resource -Use Ef f ic iency a n d P r o f i t a b i l i t y
o f I n t e r c r o p p i n g o f S u m m e r G r o u n d n u t
w i t h S h o r t - D u r a t i o n V e g e t a b l e s :
E v a l u a t i o n of a C o n c e p t
P K Ghosh, Devi Dayal, A Bandyopadhyay, Virendra
Singh, and P R Naik (National Reseach Centre for
Groundnut, PO Box 5, Junagadh 362 001, Gujarat, India)
Under rainfed situations, intercropping is practised not
only for risk avoidance but also to maximize resource-use
efficiency and monetary return. Lately, the concept of
intercropping has been uti l ized in irrigated situations
also. In India, summer groundnut is grown mainly in pure
stands wi th irr igation. The total area under summer
groundnut is 1.09 mi l l ion ha. This summer crop gives
almost double the yield and profi t of rainy season
groundnut despite a higher cost of cultivation and higher
input requirements. The crop is sown from the first fortnight
of January to the first fortnight of February. Init ial
growth of this crop is slow due to low soil and air
temperatures. During the init ial slow growth period of
summer groundnut, the space between the two rows of
groundnut can be uti l ized by sowing short-duration
vegetables to be harvested in about a month without sub-
stantial effect on groundnut yield. Some attempts have
been made to use some vegetables such as chi l l i
(AICORPO 1980) and onion (UNIAS 1978) as intercrops
in groundnut but the concept sti l l has to be tested
thoroughly.
A pilot study was conducted with fenugreek
(Trigonella foenum-graecum L.) cv methi consuri, radish
(Rafinus sativus) cv Japanese white, spinach (Spinacea
oleracea L.) cv all green, and coriander (Coriandrum
sativum L.) cv gujarat 1 as the intercrops during the
summer seasons of 1997 and 1998 at the National
Research Centre for Groundnut, Junagadh, Gujarat.
These vegetables were grown between groundnut rows
spaced 30 cm apart and also on the bund (usually made
for the purpose of irrigating summer groundnut). The
distance between two bunds was 4.2 m and this
accommodated 14 rows of groundnut. Twelve treatment
combinations consisting of four vegetable crops and
three methods of sowing (only on bund, between rows,
bund + between rows) were tested in a factorial random
block design (RBD) replicated three times. One plot of
sole groundnut was also maintained as a control. The
soil of the experimental plot was calcareous, black soil
having low organic carbon and available P and medium
available K. The vegetables and groundnut were sown
simultaneously in the first week of February. Plant-to-
plant distance of 5 cm for fenugreek, spinach, and coriander,
and 15 cm for radish were maintained by thinning at ten
days after sowing (DAS). Plant samples of both ground-
nut and vegetables from a one square metre area were
collected at 25 and 35 DAS and root length, shoot length,
leaf area, and biomass recorded. Fenugreek, spinach, and
coriander were harvested at 35 DAS (vegetative stage)
whereas radish needed 43 days before harvest. Groundnut
cv GG 2, a Spanish bunch type, was harvested at 95 DAS.
Groundnut received a basal application of 25 kg N and
50 kg P2O5 ha
-1 in the form of urea and single superphos-
phate. It may be noted that plant protection, irrigation,
and other recommended management practices were used
for groundnut only but the vegetables were grown without
any inputs specifically recommended for them. Only the















Max imum M i n i m u m Max imum Min imum urs
Month 1997 1998 1997 1998 1997 1998 1997 1998 1997 1998 1997 1998
Feb 31.7 32.8 12.4 13.9 23.9 22.4 65 79 16 42 9.7 9.3
Mar 36.5 36.6 19.1 18.9 27.3 27.4 61 59 26 21 6.8 9.8
Ap r 39.3 36.9 22 23.8 30.5 31.9 73 73 30.8 23.8 8.6 9.8
May 40.35 37.5 24.6 26.5 33 34.7 78 78.5 43 3 6 . 7 9.1 10
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cost of seed, and labor charges for sowing, thinning, and
harvesting were incurred for the vegetables. Production
efficiency values were calculated as the ratio of total pro-
duction of the crop to the total duration of that crop.
Weather data for both years is given in Table 1.
Data analysed over two years showed that the years
were signif icantly different for pod yield of groundnut as
that in the second year was significantly higher (2.55 t 
ha-1) than the first year (2.40 t ha-1). This may be attrib-
uted to comparatively high biomass, a higher number of
pods and pod mass per plant. Comparatively favorable
air temperatures, particularly high minimum temperatures
in February, and more sunshine hours (Table 1) during
the second year were advantageous. Treatments x year
interaction was not significant. Consistently, the highest
groundnut pod yield was found both years when it was
intercropped wi th fenugreek. The lowest pod yield of
groundnut was recorded in association wi th spinach
both years. Results show that both pod and straw yields
were improved when intercropped wi th fenugreek
(Table 2). However, in other crop combinations, varying
degrees of reduction in yield of groundnut were observed.
Maximum reduction in pod and straw yields were recorded
with spinach (25 and 29.8%), fol lowed by radish (15.9%
and 19.8%) and coriander (5% and 10.8%). As wi th pod
yield and straw yield, improvement in 100-pod mass,
100-kernel mass, and shelling turnover of groundnut
also occurred when it was intercropped wi th fenugreek.
Improvement in 100-pod mass and 100-kernel mass also
occurred in association wi th coriander. However, the
value of these parameters was reduced when groundnut
was sown with radish (except 100-pod mass) and spinach.
Maximum reduction in 100-pod mass, 100-kernel mass
and shelling turnover of groundnut were found in
association with spinach. In fact, in association wi th
spinach the values of all the parameters of groundnut
studied were drastically reduced. Biomass and leaf area
of groundnut recorded at 25 and 35 DAS were less than
the control when grown in association irrespective of the
vegetable crops. Though root length, shoot length, leaf
area and biomass of radish were greater than spinach,
reduction in yield of groundnut caused by radish was
less than that of spinach. This may be attributed to the
fact that leaf arrangement of radish is such that even in a 
dense population of radish, groundnut was less affected
than when grown in association with spinach. Groundnut
was least affected by fenugreek fol lowed by coriander,
perhaps because of the lower values of shoot length, leaf
area and biomass of these vegetables (Table 3). Soil
moisture (%) did not differ as a result of the vegetables.
Improvement in yields and yield attributes of groundnut
in association with fenugreek may be due to a stimulatory
effect which needs further investigation.
A l l the crop combinations gave higher net return and
benefitxost (B:C) ratio than the sole groundnut so that
reduction in yield of groundnut by vegetables was null i f ied
by high fresh vegetable y ie ld, high production efficiency
and high return (Table 2). For example, in association
with radish, reduction in pod yield was about 16% but
this combination gave the highest net return and B:C
ratio mainly because of high vegetable yield (14.7 t ha-1
mature and 7.2 t ha-1 immature radish) wi th high pro-
duction efficiency (0.341t day-1 ha-1 of mature and 0.167t
day-1 ha-1 immature radish). It was similar for the
Table 3. Growth dynamics of vegetables in association with groundnut (pooled over summers seasons of 1997 and
1998), Junagadh, Gujarat , India.
Fresh vegetable Root Shoot Leaf Production
yield length length Area Biomass efficiency
Vegetable crop (t ha-1) (cm plant1) (cm plant1) (cm2 nr2) (g nv2) (t ha
-1 day-1)
Fenugreek 3.55 10.22 16.1 3520 89.01 0.101
Radish 14.7 (0.1861)
7.2 (0.1322)
20.72 29.33 27348 259.27 0.341 (0.0041)
0.167 (0.0032)
Coriander 3.68 7.54 23.07 3446 121.28 0.105
Spinach 16.81 11.30 21.01 20903 246.85 0.480
SE - ±0.477 ±1.03 ±397.23 - ±0.228
CV (%) - 11.51 13.82 35.78 -
1. Mature radish numbers in millions.
2. Immature radish numbers in millions.
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groundnut-spinach asssociation. Max imum net returns
and B:C ratio were recorded when the vegetables were
grown both on bund and interrow of groundnut.
Further detailed work on effect of the vegetables on
soil nutrient status, soil microf lora and the cause of
stimulus are being carried out.
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Substantial Reduction in Yield of
Chickpea (Cicer arietinum L.) in
Rainy Season Groundnut-Chickpea
Crop Rotations
P K Ghosh, Devi Dayal, P R Naik, and Virendra
Singh (National Research Centre for Groundnut,
PO Box 5, Junagadh 362 001, Gujarat, India)
Groundnut-wheat is a major crop sequence in irrigated
tracts of the northern and western parts of India. However,
in the western and central parts of India, under moderate
soil moisture availabil i ty, and/or wi th l imited irrigation
facilities particularly, rainy season groundnut is grown
mainly in rotation with chickpea, sunflower, and mustard.
Information on the performance of various sequential crops
following groundnut is lacking. Therefore, the performance
of wheat, chickpea, sunflower, and mustard after rainy
season groundnut and after rainy season fallow were
evaluated at four fertility levels (0,50,100 and 150% of the
recommended ferti l izer doses). The experiment was
conducted on the same site at the research farm of the
National Research Centre for Groundnut, Junagadh, over
four years (1994/95-1997/98). The treatments consisted
of two rainy season crops (groundnut and fal low), four
postrainy season crops and four levels of fertilizer applied
to each postrainy season crop. Treatments were tested in
a factorial randomized block design replicated three
times. Wheat was ferti l ized with the recommended
doses of 120 kg ha-1 N and 35 kg ha-1 P, chickpea wi th 20
kg ha-1 N and 18 kg ha-1 P, sunflower wi th 40 kg ha-1 N 
and 18 kg ha-1 P, and mustard wi th 30 kg ha-1 N and 18
kg ha-1 P. The soil was calcareous, medium black (Vert ic
Ustrochrept), and clay loam in texture, w i th a pH 7.6.
Available nutrient status of the soil after two years of
cult ivating rainy season groundnut and rainy season
fal low is given in Table 1. Data on seed and straw yield
of chickpea for four years are presented in Table 2.
Table 1. Available nutrient status of soil after two
years.
After After
Nutrients groundnut fal low SE
Organic carbon (%) 0.571 0.593 ±0.0019
Available P (kg ha-1) 8.3 7.9 ±0.0031
Available K (kg ha-1) 328 318 ±0.0091
Ca(meq 100 g soi l - 1 ) 44.3 45 ±0.0025
Zn (ppm) 1.06 1.65 ±0.0512
Fe(ppm) 2.08 2.20 ±0.0015
About 30 days after sowing, growth of chickpea
plants grown on plots after a rainy season groundnut
crop showed reduction in crop growth, fo l lowed by
gradual wi l t ing associated with violet coloration (perhaps
accumulation of anthocyanin pigments) of the whole
plant. The affected plants died within two weeks (Fig. 1).
This caused a substantial reduction in plant population:
a mean plant stand of 0.272 mi l l ion ha-1 was recorded at
harvest wi th 23.9% mortal i ty. The plant population was
0.342 mil l ion ha-1 when chickpea followed fallow (Fig. 2).
The reduced stand ultimately reflected in y ie ld. Mean
seed yie ld reduced by 17.3% and straw yield by 18.4%,
when chickpea was grown after rainy season groundnut
when compared with that grown after rainy season fal low.
The yield reduction was observed in every year, although
the percentage reduction varied f rom year to year ( 9 . 1 -
24.0% for seed yield and 13.4-22.9% for straw yield).
No such decline in yield was observed when sunflower,
mustard, and wheat fol lowed rainy season groundnut.
Interestingly, plant mortal i ty and yield reduction in
chickpea fol lowing rainy season groundnut was observed
irrespective of the fert i l i ty level (Table 2) suggesting
that the yield reduction of chickpea was independent of
fert i l i ty level. The seed yield level in the third year was
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Table 2. Seed and straw yield of chickpea (t ha
-1
) in crop sequence after groundnut and after fallow, 1994/95-
1997/1998, Junagadh, Gujarat , India.
Fertility levels (%of
Seed yield Straw yiel d
the recommended dose) 1994/95 1995/96 1996/97 1997/98 Pooled 1994/95 1995/96 1996/97 1997/98 Pooled
After rainy season groundnut
0 1.19 0.94 0.42 0.90 0.86 (21.5)
1 1.74 1.65 1.64 1.37 1.60 (18.2)
50 1.18 1.00 0.80 0.86 0.96 (17.4) 1.75 1.70 1.75 1.70 1.72 (12.0)
100 1.18 0.94 0.68 0.90 0.92 (14.3) 1.62 1.33 1.30 1.80 1.51 (17.5)
150 1.25 1.05 0.45 0.89 0.91 (15.0) 1.74 1.60 1.60 1.65 1.65 (26.3)
Mean 1.20 0.98 0.59 0.89 0.91 1.71 1.57 1.57 1.63 1.62
(19.8) (9.14) (23.9) (16.0) (17.3) (22.9) (15.8) (13.42) (21.3) (18.4)
After rainy season fallow
0 1.60 0.96 0.80 1.04 1.09 2.24 1.81 1.71 2.06 1.96
50 1.57 1.15 0.74 1.20 1.17 2.20 1.78 1.75 2.08 1.96
100 1.42 1.03 0.78 1.03 1.08 2.12 1.64 1.55 2.02 1.83
150 1.35 1.20 0.78 0.97 1.07 2.33 2.23 2.25 2.13 2.23
Mean 1.50 1.08 0.77 1.06 1.10 2.22 1.86 1.81 2.07 1.99
SE for rainy season ±0.0193 ±0.0259 ±0.033 ±0.032 ±0.0141 ±0.0315 ±0.0236 ±0.0241 ±0.0279±0.0178
treatments
SE for fertilizer levels ±0.0273 ±0.0367 ±0.0470 ±0.0453 ±0.0200 ±0.0389 ±0.0332 ±0.0292 ±0.0418±0.0225
SE for treatment x ±0.0386 ±0.0519 ±0.0664 ±0.0640 ±0.0283 ±0.0630 ±0.0472 ±0.0482 ±0.0558±().()356
fertilizer level
CV (%) 9.61 16.95 26.82 19.42 17.65 18.51 21.61 13.15 23.12 18.99
1. Figures in parenthesis arc percent reduction with respect to the yield after rainy season fallow.
Figure 1. Chickpea crop sown after rainy season groundnut. Figure 2. Chickpea crop following rainy season fallow.
especially low due to a severe attack of pod borer, in
spite of repeated spraying of recommended insecticides.
The study thus indicated that the practice of rainy season
groundnut - chickpea crop rotation is not to be encouraged
from a yield sustainability point of view as there is definite
yield reduction of chickpea in this system. The cause of
such stunted growth, plant mortal i ty, and low yie ld of
chickpea when grown after rainy season groundnut is
being investigated.
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Medicinal Weeds in Groundnut
Fields of Chhasttisgarh, Madhya
Pradesh, India
P Oudhia (Department of Agronomy, Indira Gandhi
Agricultural University, Raipur 492 001, Madhya Pradesh,
India)
Weeds are always considered as unwanted plants since
they compete wi th crops for nutrients, light and moisture,
and harbour diseases and insects. But all weeds are not
unwanted plants. In ancient Indian literature it was observed
that every plant on this planet is useful. Industrial
(Sastry and Kavathekar 1990), medicinal (Oudhia and
Tripathi 1998) and allelopathic (Oudhia and Tripathi 1997)
uses of many common problematic weeds have been
reported. Many studies conducted at the Department of
Agronomy, Indira Gandhi Agricultural University,
Raipur, India, have clearly revealed that weeds having
beneficial properties are a boon to farmers (Oudhia and
Tripathi 1999a, Oudhia et al. 1998). Hand weeding is
effective but a relat ively costly operation for weed
management as compared wi th herbicide application.
Harmful effects of herbicides on crops, and environmental
and human health have been reported. By identifying
the potential national and international markets of common
medicinal weeds, farmers can earn additional income
(Oudhia and Tripathi 1999b). The economic gain from
weeds can not only recover the cost of hand weeding but
also generate employment opportunities for unemployed
rural youths. For achieving these targets, a detailed survey
of medicinal plants is essential. Due to nonavailabil ity
of information on the medicinal weed flora of groundnut,
a survey was conducted by the Department of Agronomy,
Indira Gandhi Agricul tural University, Raipur, India,
dur ing 1996-98.
The detailed ethno-botanical survey was conducted in
the Chhattisgarh region. The study was done in selected
districts i.e., Raipur, Bilaspur, Durg , Rajnandgaon,
Jagdalpur, and Ambikapur. From each selected district,
two blocks and from each selected block, a random
sample of four villages was taken. A proportionate
sample of vil lagers f rom each selected vi l lage was taken
to give a total sample size of 1000 respondents. The data
were collected wi th the help of personal interviews
according to a well-prepared interview schedule. For
knowledge of medicinal uses of common weeds in
groundnut fields, the help of reference literature of
Ayurvedic, Homeopathic, Yunani, Al lopathic and other
systems of medicine was utilized. The weeds were collected
during intensive visits to the targeted villages at intervals
of 15 days. Visual assessments were made both on crop
fields and wastelands.
The survey revealed that of 42 problematic weeds
(belonging to more than 16 families) in groundnut fields
of Chhattisgarh, 37 weeds possessed valuable medicinal
properties. The medicinal properties of these 37 weeds
have been found well documented in the literature. Details
of these medicinal weeds are given in Table 1. It also
revealed that of 37 medicinal weeds, the villagers were
using more than 16 to treat their health problems. Out of
42 weeds, 10 were identified as having the potential to
provide additional income to farmers. These weeds were
Abutilon indicum, Achyranthes aspera, Boerhavia 
diffusa, Cyperus sp., Eclipta alba, Euphorbia hirta, 
Leucas aspera, Oxalis latifolia, Phyllanthus niruri, and
Sida cordata (Table 2). Personal communications made
with more than 300 national and international drug
company representatives revealed that these weeds are
in heavy demand in national and international drug
markets. During the study it was noted that different
graded and processed parts of weeds were more in demand
than crude parts. The study also suggested that there is
tremendous scope for generating employment opportunities
at the village level for rural youths.
This survey suggested that there is a strong need for:
(1) documentation of valuable knowledge about medicinal
weeds in groundnut fields; (2) a survey of the major crop
fields of Chhattisgarh; (3) identification of villages having
a higher density of particular medicinal weeds;
(4) establishment of proper linkages between vi l lage
level cooperative societies and national and interna-
tional companies; and (5) development of grading and
processing methods for medicinal weeds according to
international standards. These targets can be achieved
by the the jo in t efforts of government, nongovernmental
agencies and local people.
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Table 1. Medicinal weeds in groundnut fields of Chhattisgarh, Madhya Pradesh, India.
Scientific name Local dialect English name Family name Remarks
Abutilon indicum
1
Raksi Velvetleaf Malvaceae M2 ,m3
Achyranthes aspera
1
Latkana Prickly chafflower Amaranthaceae M,m
Ageratum conyzoides Gandhila Bi l l y goat weed Compositae M
Aeschynomene americana Soli Northern jo in t vetch Leguminoseae M
Boerhavia diffusa
1
Punernava Spiderl ing Nyctaginaceae M
Borreria hispida Safed phooli - Rubiaceae M
Caesulia axillaris Balonda - Compositae M,m
Celosia argentea Sil iyari Cock's comb Amaranthaceae M,m
Cenchrus axillaris Poonchi ghas Sand burr Gramineae M
Chloris barbata - Finger grass Gramineae
Commelina benghalensis Kaua-Kain i Dayflower Commelinaceae M,m
Corchorus acutangulus Jangli Juti Wi ld jute Tiliaceae M,m
Cucumis trigonus Kolh i kekedi Wi ld cucumber Cucurbitaceae M
Cynodon dactylon Doobi Bermuda grass Gramineae M,m
Cyperus sp.
1 Motha Nut sedge Cyperaceae M,m
Dactyloctenium aegyptium Makra Crowsfoot grass Gramineae M
Digitaria ciliaris - Crab grass Gramineae M
Echinochloa colona Sawan Jungle rice Gramineae M
Eclipta alba
1 Bhengra - Compositae M,m
Eleusine indica - Goose grass Gramineae M
Ergrostis cilianensis Chiwra phool Love grass Gramineae
Euphorbia hirta
1 Dudhi Spurge Euphorbiaceae M,m
Fimbristylis barbata Chuhaka - Cyperaceae M
Gomphrena decumbens - - Amaranthaceae
Ischaemum rugosum Badore - Gramineae M
Kyllinga brevifolius Bandar phool - Cyperaceae M
Leucas aspera
1
Gumma - Labiatae M,m
Ludwigia octovalvis Laung phool Winter primrose Onagraceae
Mimosa pudica Chhui mui Sensitive plant Leguminoseae M
Oxalis lat i fol ia
1
Khatti buti Wood sorrel Oxalidaceae M,m
Parthenium hysterophorus Gajar ghas Congress weed Compositae M
Phyllanthus niruri
1 Bhuin awla N i ru r i Euphorbiaceae M,m
Physalis minima Chirpot i Ground cherry Solanaceae M,
Paspalidium punctatum - - Gramineae
Phaseolus trilobus Mungesa Wi ld mung Leguminoseae M,m
Saccharum spontaneum Kansi - Gramineae M
Scoparia dulcis Mi th i patti - Scrophulariaceae M
Sida cordata
1
Bariyara Sida Malvaceae M,m
Solanum nigrum Makoi Night shade Solanaceae M
Setaria glauca - Foxtail Gramineae M
Ocimum basilioum Van tulsa - Labiatae M,m
Tridax procumbens - - Compositae M,m
1. Weeds of commercial value in national and international drug markets.
2. M = weeds having medicinal properties.
3. m = weeds in use in Chhattisgarh as medicinal plants.
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Table 2. Existing uses and valuable parts of ten weeds with medicinal potential in groundnut fields of
Chhattisgarh, Madhya Pradesh, India.
Scientific name Existing uses Valuable parts Remarks1
Abutilon indicum In rheumatism, bleeding piles, and fever Seeds N,I
Boerhavia diffusa Dropsy, migraine, coryza, cough Roots N,I
Cyperus sp In skin, urinary, digestive and reproductive diseases Dried nuts N,I
Eclipta alba In skin and digestive diseases, hair nourishment Whole plant N, l
Euphorbia hirta In respiratory troubles Whole plant N,I
Leucas aspera In worms, rheumatism Whole plant N
Oxalis latifolia In skin troubles Whole plant N
Phyllanthus niruri In jaundice Whole plant N,I
Sida cordata In skin troubles Whole plant N
Achyranthes aspera As styptic; antivenom, in diseases of digestive system
1. N = medicinal weeds having demand in national market; I = medicinal weeds having demand in international market.
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F o o d Q u a l i t y
O i l Q u a l i t y o f S h a n d o n g E x p o r t
G r o u n d n u t as A f fec ted by E a r l y
H a r v e s t
Wu Lanrong (Shandong Peanut Research Institute,
Laixi, Shandong 266601, China)
The traditional export of large-seeded groundnut from
Shandong Province in China has a good reputation in
the groundnut trade. However, most of the groundnut
cultivars grown in Shandong, 8130, Luhua 10, and Hua 17,
are of medium duration (about 140 days). Many foreign
traders want supplies of fresh groundnut earlier in the
season (Sanders and Bett 1995), before these cultivars
are available. Groundnut breeders are try ing to address
this issue by developing short-duration cultivars. However,
very little research has been done on advancing the
harvesting of groundnut to solve this problem.
Because the potential application of groundnut in
industrial and food uses is largely determined by its oi l
quality (Dwivedi et al. 1998), this paper reports the results
of early harvests on oi l content and fatty acid composition
of groundnut cultivar, 8130, sown both under polythene
mulch and without mulch.
The experiment was sown at Shandong Peanut
Research Inst i tute (SPRI) w i t h three repl icat ions on
1 May 1997 and 4 May 1998. The plot size was 6.5 x 2.0
m. Each plot consisted of 5 ridges 40 cm apart. The
plant spacing was 18 cm (wi th two seeds per h i l l ) wi th
one row on each ridge. A l l plots received 750 kg ha-1
compound fertil izer (16% N, 16% P, and 16% K) as a 
basal application applied before r idging. Polythene
mulch was laid after sowing wi th normal technology
(Hu Wenguang et al. 1995). Groundnut was harvested at
121 days, 128 days, and 135 days (normal harvest) after
sowing (DAS). Randomly selected, sound, mature seeds
of export quality were analyzed for oi l content and fatty
acid composition on a Shimadzu GC-RIA gas chromato-
graph equipped wi th a flame ionization detector (FID)
(Wu Lanrong et al. 1997). The mean plot values of two
years were analyzed fo l lowing randomized block de-
sign. Significant differences among the mean values of
early and normal harvests for two years were evaluated
using a t-test.
Mean oi l and individual fatty acid contents of each
treatment are presented in Table 1. Under mulch cul t i -
vation, groundnut harvested 121 DAS had the highest
o i l , palmitic, and linoleic acid contents, which were 7 g 
kg -1 seed and 4.8 and 15.3 g kg -1 o i l higher than normal
harvest (135 DAS). On the contrary, oleic, eicosenoic
and stearic acid contents were the lowest at this harvest,
as was the O/L ratio (0.16 g kg -1 lower than that of the
normal harvest). O i l , eicosenoic, and stearic acid contents
Table 1. Mean oil (g kg
-1
) and fatty acids (g kg
-1
 oil) contents of groundnut cultivar 8130, as affected by early
harvests, spring planting (1997-1998), SPR1, China.
DAS Oi l Palmitic Oleic Linoleic Eicosenoic Behenic Stearic O/L ratio
W i t h mulch
121 546.02 90.02 518. I
2 268.12 11.52 26.8 32.62 1.932
128 528.02 86.2 537.2 249.0 17.2
2 25.9 32.62 2.16
1351 539.0 85.2 528.6 252.8 18.2 25.9 36.4 2.09
Mean 538.0 87.1 528.0 256.6 15.6 26.2 33.9 2.06
W i t h o u t mulch
121 535.02 91.0 500.8 268.1
2 24.92 26.8 36.4 1.87
2
128 527.0 92.9 504.7
2 277.7 17.2 25.9 30.6 1.82
1351 522.0 92.9 492.2 288.2 19.2 26.8 29.7 1.71
Mean 528.0 92.3 499.2 278.0 20.4 26.5 32.2 1.80
1. Normal harvest.
2. Significant at 0.05 probability level.
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were lower in 128 DAS harvest than 135 DAS harvest.
Without mulch, o i l , eicosenoic, and stearic acid contents
including O/L ratio were the highest at 121 DAS harvest
compared wi th the other two harvests.
From these experiments we can draw two preliminary
conclusions. (1) Groundnut in Shandong Province can
be harvested one or two weeks earlier than the normal
harvest without any serious consequences for oi l content
and its quality. (2) As the o i l content and O/L ratio were
generally higher under mulched conditions (statistical
significance not established) this technology needs to be
promoted to achieve higher returns.
References
Dwivedi, S.L., Nigam, S.N., and Prasad, M.V.R.
1998. Induced genetic variation for seed quality traits in
groundnut. International Arachis Newsletter 18:44-46.
Hu Wenguang, Duan Shufen, and Sui Qingwei. 1995.
High-yie ld technology for groundnut. International
Arachis Newsletter 15 (supplement): 1-22.
Sanders, T . H . , and Bett, K.L. 1995. Effect of harvest
date on maturi ty, maturity distribution, and f lavor of
Florunner peanuts. Peanut Science 22:124-129.
Wu Lanrong, Gu Shuyuan, and Han Shumei. 1997.
The evaluation of several excellent germplasm of peanut
wi th their oleic and linoleic contents, and O/L ratio.
Peanut Science and Technology 4 :13-16 .
P r o t e i n a n d O i l Q u a l i t y o f the B r a z i l i a n
B R S 151 L 7 G r o u n d n u t C u l t i v a r
R M M Freire
1
, R C dos Santos
1
, and S R de Farias
2
(1. Embrapa Algodao, CP 174, CEP 58107-720 -
Campina Grande, PB, Brasil; 2. Centro de Ciencias
Biol6gicas da Saude, Universidade Estadual da Paraiba,
CP 781/791, CEP 58100-001 - Campina Grande, PB,
Brasil)
Groundnut is the fourth most important source of edible
o i l and the third most important source of vegetable
protein, and contributes signif icantly to the diet of
people in many developing countries. In Brazil, 60% of the
population of the rural poor lives in the northeast, wi th
4% of these poor families depending largely on subsistence
agriculture. As there is a low consumption of food of ani-
mal origin due to high prices, their diet is highly deficient in
protein-rich products. The consumption of groundnut,
which is of high caloric value because of its oi l and protein
contents, minerals, and vitamins B and E complexes, can
minimize this dietary deficiency. However, its protein is
deficient in lysine and methionine. But self-sufficiency in
these two amino acids can be achieved through genetic
manipulation of diverse genotypes.
Centro Nacional de Pesquisa de Algodao (CNPA) of
the Empresa Brasileira de Pesquisa Agropecuaria
(Embrapa), in Brazi l , has been carrying out research on
groundnut crops mainly to provide farmers with improved
genetic materials adapted to the semi-arid conditions of
the northeast, that are early in maturity and wi th good
seed quality. In 1998, Embrapa released the BRS 151 L 7 
cultivar. It was developed by crossing a Brazilian ( IAC
Tupa) and an exotic cultivar (55 437). It is a short-season
cultivar, bunch type, and tolerant to drought. BRS 151 L 7 
has large and elongated seeds wi th a red testa (Santos
1998). Its average pod yield is 1.85 t ha-1 in the rainy
season. It is also of high nutritive value, due to its improved
quality of protein (amino acids) and oi l (fatty acids).
The chemical composition of the BRS 151 L 7 and
traditional (BR 1) cultivars are shown in Table 1. Both
cultivars are low in oi l and possess satisfactory protein
contents in the seeds. The protein content of the BRS
151 L 7 defatted f lour is 8% higher than BR 1. The
amino acids in the defatted f lour of both cultivars are
higher than the levels established by the FAO-85 standard,
except for lysine (Table 1). This FAO standard, used as
a reference, takes into account a balanced protein that
satisfies the requirements of amino acids in the diet. The
values of isoleucine, leucine, phenylalanine, threonine,
valine, and histidine were considerably higher than the
standard established by the FAO-85, demonstrating that
its flour contains sufficient levels of essential amino acids.
Accord ing to nutr i t ional recommendations, dietary
fat should contain high levels of unsaturated and low-
saturated fatty acids as vegetable oils rich in unsaturated
fat are important for human physiology. For example,
an increase in the concentration of unsaturated fatty
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Table 1. Chemical composition of seed and defatted flour of the BRS 151 L 7 and BR 1 groundnut cultivars.
Cult ivar
FAO-85
Chemical composition BRS 151 L 7 B R 1
1
standard
A m i n o acids (g 100 g - 1 o f prote in)
isoleucine 3.17 3.07 2.80
leucine 6.65 6.51 4.40
lysine 3.47 3.66 4.40
phenylalanine 5.80 5.88 2.20
phenylalanine + tyrosine 11.08 10.98 -
methionine + 1/2 cystine 2.73 2.82 2.20
threonine 3.27 3.42 2.80
tryptophan 0.91 0.93 0.90
valine 3.50 3.35 2.50
histidine 2.58 2.64 1.90
Fatty acids (%)
C 16:0 5.72 5.02
C 18:2 60.23 47.78
C 18:1 25.56 39.78
C 18:0 1.57 1.29
C 20:0 2.94 2.70
C 22:0 1.20 1.12
C 24:0 2.78 2.19
Composit ion (%)
Crude oi l in seed 46 45
Crude protein in seed (Nx5,46) 30 29
Protein in defatted f lour 55 51
Ash in defatted f lour 5 5
1. Traditional cultivar.
acids in the diet has been shown to be beneficial in the
prevention of cardiovascular diseases (Quintao 1992).
The seeds of BRS 151 L 7 contain 4 6 % of the crude oi l
(Table 1) composed mainly of linoleic (C 18:2) and oleic
(C 18:1) acids, which together make up 85.8% of the total
unsaturated fatty acids. The high concentration of
l inoleic acid, wi th its valuable contribution to human
nutr i t ion, makes this a useful cultivar in northeastern
Brazil.
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G r o u n d n u t i n t h e C a u c a s u s a n d
C e n t r a l A s i a
G r o u n d n u t i n A r m e n i a
A Petrosyan and S Semerjan (Department of Science,
Information and New Technology, 48 Nalbandyan Str.,
Yerevan 375010, Armenia)
Groundnut is grown mainly in the southern part of
Armenia in the Megr in region and in the Ararat Valley.
Al though there are no data available on the area sown
there appears to be a trend to expanding the area, which
is thought by the Department of Science, Information
and New Technology to be about 100 ha at present. In
addit ion, the crop is grown on farms for use by the
household. The groundnut is mainly grown on small
land plots in high agricultural zones and has a promis-
ing future because of the big market demand. In Armenia
groundnut is used as a food (fr ied nut) and for f lour and
soap. The demand for these latter products is being met
by imports from Iran at present.
There is the potential to expand production to an area
of 3000 ha or more. However, production of groundnut
is l imited by several constraints. Firstly, there is a lack
of seed material (germplasm) and secondly, a lack of
information available to farmers, particularly in relation
to the crop's prof i tabi l i ty. Armenia lacks any released
improved variety, but a local population is grown in the
Megrin region, and some varieties of unknown origin in
the Ararat Val ley. There is a need to establish variety
testing nurseries to test and study the most promising
varieties of the wor ld collection as wel l as to investigate
further the development of production and irrigation
technologies.
The Scientific Center of Crop Husbandry and Plant
Protection has begun a 2-year research program, led by
Dr Semerjan, Deputy Director, to detect the most prom-
ising high-yielding varieties as wel l as developing
technologies suitable for growing groundnut in the
favorable soil-climatic conditions in Echmadzin, in the
Ararat Val ley. It is hoped that this w i l l result in an
expansion to more than 30 times the present growing
area, increase market consumption, and terminate the
importation of groundnut into Armenia.
Groundnut is an annual oilseed legume crop, valuable
firstly for its o i l . There is 4 5 - 6 0 % oi l content in the
seed, 2 5 - 3 7 % protein, and between 6 and 20 nonnitrog-
enous substances can be extracted. In Europe it is
mainly grown in Mediterranean countries as wel l as in
Central Asia, West Ukraine, and Caucasus.
In Azerbaijan wide soil and climate diversity, as wel l
as a plenti ful availabil i ty of soil moisture and sunny
days have served as good preconditions for dissemina-
tion and cultivating of different crops, including groundnut.
Since ancient times, it has been utilized here for production
of a diverse number of sweets, and in other spheres of
industry.
This stimulated a development of breeding activity
on this crop along wi th rejuvenation of basic crops. A 
number of high-yielding varieties was developed as a 
result of the breeding act iv i ty, and two of them were
released, namely, Persivan 46/2 and Zakataly 294/1. These
varieties have been disseminated in both Azerbaijan and
the Republics of Cen tn l Asia.
Zakatalskaya Breeding Station, at the Research Insti-
tute of Crop Husbandry in Azerbaijan, has been dealing
with elite seed material production during the years
Azerbaijan was part of the Soviet Union up to 1951.
According to regulations of the Minist ry of Agriculture
of the USSR this material was distributed to al l former
Soviet Union Republics engaged in groundnut production.
At the same time some agricultural techniques for
cultivation of this crop were developed and by means of
geographical sowings, the sowing area was extended
in Belokanskiy, Kahskiy, Gabalinskiy, Oguzskiy and
Kubalt iskiy regions of Azerbaijan.
Groundnut was a promising crop for this zone and
good results have been achieved. The Zakatalskaya
Breeding Station was awarded for its achievements in
the area of oilseeds and groundnut breeding and part ici-
pated at the A l l -Un ion Agricultural Exhibi t ion that took
place in 1940.
Later groundnut was transferred into the private
household sector and now is being grown as a traditional
crop. Individual farmers are involved in production,
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G r o u n d n u t i n A z e r b a i j a n
M Nabiev and Z Akperov (Department of Research and
Education, Ministry of Agriculture, 4, Kurbanov Str.,
370079, Baku, Azerbaijan)
seed improvement and plant genetic resources conservation.
These traditions are being maintained up to the present.
Product ion Technology
The sown area of groundnut in Azerbaijan covered
about 4000 ha in the 1950s, mainly in the lower part of
Zakatal and Belokan regions. According to data of
Acad. A. Radjably, groundnut can produce up to 3 t ha-1
in irrigated conditions and 1.5 t ha-1 in rainfed conditions.
This crop needs to be grown in areas wi th warm climatic
conditions (14 -15°C) as autumn frost (0.5°C) can damage
leaves. The best soils for groundnut are friable, loam
soils. This crop requires a rather high moisture content
so a good yield can be achieved only with irrigation input
during the whole vegetative period. The long-duration
groundnut matures in 140-160 days.
Groundnut is a typical row crop and the best crop to
be used in rotation with winter wheat. Soil treatment for
groundnut sowing requires a deep autumn plowing and
intensive cultivation before sowing. Specific attention
should be given to weed control and the friable constitution
of the soil because this makes digging of the seed-bed
easier. The most frequently applied fertilizers are potassium
phosphate ones.
Groundnut sowing is done by specific or adjusted cotton
or maize sowing machines wi th intervals between rows
of 70-90 cm and plant intervals of 25-30 cm. Depending
on seed rate, method of sowing, and nut size, 60-90 seeds
are needed per hectare. Time for harvesting is determined
by ye l lowing of the groundnut leaves. Potato-diggers
can be used for harvesting. Virgin ia and Valencia types
are most suitable for the conditions in Azerbaijan.
At present the Research Institute of Horticulture and
Subtropics does not deal wi th groundnut research.
G r o u n d n u t Y ie lds i n K y r g y z s t a n D e p e n d
o n T i m e o f S o w i n g
Acad. J Akimaliev (Kyrgyz Agrarian Academy, 68,
Mederevo Str., Bishkek 720005, Kyrgyzstan)
Groundnut is a particularly valuable crop due to its high
quality fat and protein content. In comparison with
other food crops, because of its caloric value, groundnut
has become an important crop in Kyrgyzstan. It is
cultivated in Kyrgyzstan only in private sector house-
holds in the southern part of the country. There is one
locally bred variety, Kyrgyzskaya Mestnaya. So far, no
targeted research activity has been done on this crop.
However, some activities were started in 1998 in
sierozem soils of the Chu Val ley, a foothi l l irrigated
zone. The design of the experiment included sowing of
two varieties, Ulduz and Kyrgyzskaya Mestnaya, which
were sown on the fol lowing dates: 1 May, 15 May, 1 June,
and 15 June. Results have shown that the optimal sow-
ing time for both varieties was 15 May. Yields obtained
were: Ulduz 2.1 t ha-1; and for Kyrgyzskaya Mestnaya
2.3 t ha-1. The green haulm obtained for both varieties
for this date of sowing was: 4.3 t h-1 for Ulduz and 4.1 t 
ha-1 for Kyrgyzskaya Mestnaya. Results are tabulated in
Table 1.
Table 1. Influence of sowing time on seed yield and



































In addition to this experiment, the effect of wide-row
method of sowing (60 x 15, 60 x 30,60 x 45,60 x 60 cm)
for both these varieties at four different times of sowing
is being studied. One-year data confirmed good yield
avai labi l i ty w i th 1 May sowing and row intervals of
60 x 15 cm. This experiment w i l l be continued with the
aim of identifying any correlations between yield, plant
morphological indices and biological characteristics.
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Copies of titles are available from: Distr ibution Unit ,
P I M Div is ion, International Crops Research Institute
for the Semi-Ar id Tropics ( ICR ISAT) , Patancheru
502 324, Andhra Pradesh, India.
Prices. Per-copy prices are listed separately for
• highly-developed countries (HDCs), expressed in US
dollars
• less-developed countries (LDCs), also expressed in
US dollars
• India and other countries in the Indian subcontinent,
expressed in Indian rupees at a rate equivalent to the
L D C price.
A i r bookpost postage and handling charges are included
in these prices.
HDCs include Australia, Brazil, Canada, Dubai, European
countries, Iran, Iraq, Japan, Kuwait, Libya, Mexico, New
Zealand, Saudi Arabia, South Afr ica, and USA.
Payment. Prepayment is required in US dollars, or the
fo l lowing negotiable currencies: Deutsche marks, Dutch
guilders, French and Swiss francs, Pounds Sterling, and
Yen, or Indian rupees, payable to ICRISAT by banker's
draft, demand draft, or money order.
Free copies. Single free copies are available only to the
fo l lowing:
• Organizations that formally exchange publications
wi th ICRISAT Libraries;
• Libraries of selected agricultural universities and
research institutions in semi-arid tropical countries;
• Journal editors who review ICRISAT publications;
• National program staff who collaborate with
ICRISAT research programs.
Discount. Book trade discounts are available on request.
Other orders for five or more copies of a single publication
are discounted by 20%.
Air/Surface mail. Experience shows that surface packages
are often delayed for months, do not always reach their
destinations, and may be damaged. Therefore all publ i -
cations are despatched by air bookpost.
Order codes. Please use ICRISAT order codes when
ordering publications. These are given wi th each entry
below.
Publ icat ions f r o m I C R I S A T
Freeman, H.A., Nigam, S.N., Kelley, T .G . , Ntare,
B.R., Subrahmanyam, P., and Boughton, D. 1999.
The world groundnut economy: facts, trends, and outlook.
Patancheru 502 324, Andhra Pradesh, India: ICRISAT.
52 pp. ISBN 92-9066-404-5. Order code BOE 027. L D C
$15.50. HDC $40.50. India Rs. 570.00.
The world groundnut economy: facts, trends, and outlook
reviews the current structure of the wor ld groundnut
economy and analyzes the supply and demand situations,
both current and projected. Several trends emerging
from this analysis are discussed, along wi th possible
implications for research. The book also examines the
major constraints to groundnut production, and pol icy
options that could help increase the output and quality of
groundnut crops throughout the semi-arid tropics.
Waliyar, F., and Umeh, V .C . (eds.) 1998. Proceedings
of the Fifth Regional Groundnut Workshop for Western
and Central Afr ica, 18-21 Nov 1996, Accra, Ghana ( In
En, Fr.). International Arachis Newsletter no. 18
(Supplement). Patancheru 502 324, Andhra Pradesh,
India: ICRISAT. 91 pp.
Representatives from 13 countries in West and Central
Afr ica (Benin, Burkina Faso, Cote d ' lvo i re , The
Gambia, Ghana, Guinea, Ma l i , Niger, Nigeria, Central
Afr ican Republic, Senegal, Togo, Chad), representatives
from USA, France, India and the Afr ican Groundnut
Council attended the 5th Regional Groundnut Workshop.
This workshop was jo in t ly organized by CSIR (Ghana),
the CORAF Groundnut Network, the Peanut CRSP and
ICRISAT. The opening ceremony was attended by
Ministers of the Government of Ghana and the interna-
tional representatives and scientific delegates of countries
attending the workshop.
The workshop enabled strengthening collaboration
between the N A R S and international and regional
organizations. Areas of collaboration between NARS
and ICRISAT were identified. A total of 33 scientific papers
were presented. These proceedings contain summaries
of papers presented on agronomy, breeding, crop protec-
tion and the uti l ization of groundnut. Recommendations
were made on each discipline.
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Publicat ions
Singh, A.K. , Mehan, V .K . , and Nigam, S.N. 1998.
Sources de resistance aux maladies fongiques et
bacteriennes de l'arachide: le point de la recherche.
Bulletin d'information no. 50. Patancheru 502 324, Andhra
Pradesh, India: ICRISAT. 48 pp. ISBN 92-9066-374-X.
Order code IBF 050. L D C $6.00. HDC $16.00. India
Rs. 165.00.
Les maladies fongiques foliaires de l'arachide, la
pourriture de la tige et des gousses, ainsi que le
flerissement bacterien causent des pertes importantes
de rendement en grain et de graves problemes de qualite
chez l'arachide. Ce bulletin d' information met a jour la
liste des sources de resistance a six maladies fongiques
et bacteriennes majeures en fournissant des informa-
tions utiles sur leurs traits agronomiques et leur reaction
a d'autres maladies. Cet ouvrage met en rel ief les
merites et les demerites de ces sources de resistance dans
le cadre de leur usage dans diverses situations.
Pande, S., Liao Boshou, Nguyen Xuan Hong,
Johansen, C., and Gowda, C.L.L. (eds.). 1998. Groundnut
bacterial wi l t in Asia: proceedings of the Fourth Working
Group Meeting, 11-13 May 1998, Vietnam Agricultural
Science Institute, Van Dien, Thanh Tr i , Hanoi, Vietnam.
Patancheru 502 324, Andhra Pradesh, India: ICRISAT.
106 pp. ISBN 92-9066-397-9. Order code CPE 120.
LDC $16.00. HDC $42.00. India Rs.590.00.
The current status of research on bacterial w i l t of
groundnut in Asia (specifically in China and Vietnam)
is reviewed. Particular emphasis is given to the available
disease management options, and their packaging and
validation in on-farm participatory research at hot-spot
locations in China and Vietnam. Recommendations are
made for further collaborative research wi th advanced
institutes to provide training to scientists and technicians
from China and Vietnam in recent advances in serological
and molecular techniques for identification and differ-
entiation of races, biovars, and strains of the wil t pathogen,
Burkholderia solanacearum. Recommendations are also
made for further collaborative research, and the need to
interest potential donors in promoting the Groundnut
Bacterial Wi l t Working Group's activities. The publication
includes papers describing the status of the disease in
China and Vietnam.
Bantilan, M.C.S., and Joshi, P.K. (eds.) 1998. Assessing
jo in t research impacts. Proceedings of an International
Workshop on Joint Impact Assessment of NARS/ICRISAT
Technologies for the Semi-Ar id Tropics, Patancheru,
India, 2-4 Dec 1996. Patancheru 502 324, Andhra Pradesh,
India: ICRISAT. 288 pp. ISBN 92-9066-396-0. Order code
CPE 119. LDC $27.50. HDC $74.50. India Rs.1025.00.
Pursuit of a jo in t approach to the assessment of research
impact is critical for the continuing viabi l i ty of national
and international research wi th in the global agricultural
R & D system. This workshop on "Joint Impact Assess-
ment of NARS/ ICRISAT Technologies for the Semi-
Ar id Tropics" was organized to achieve three objectives:
a) to report results of case studies on adoption and impact
undertaken jointly by teams from ICRISAT and the national
programs; b) to provide a forum for peer review; and
c) identify through work ing group sessions key issues
and priority areas for the ICRISAT/NARS research
agenda on impact assessment.
The workshop was attended by ICRISAT scientists
from all disciplines, by representatives from private and
public sector research institutions, the seed sector, and
other international research organizations. These
proceedings include the presentation of case studies
featuring research impact in four areas—genetic enhance-
ment research; resource management options; intermediate
products of research; and impact of networks. That
adoption is a condition of impact was noted. The efficiency
dimension of impact served as a starting point in most
analyses. Other dimensions of impact include food security,
gender equity, sustainability, human nutrition, employment,
and spillover effects. The integration of these dimen-
sions in the research evaluation process was discussed.
Peer review was an important feature of this workshop;
it served as a basis for the discussions on priorities for
the future research agenda on impact assessment.
Allen, D.J., and Lenne, J .M . (eds.) 1998. The pathology
of food and pasture legumes. Wal l ingford, Oxon, UK:
C A B International, and Patancheru 502 324, Andhra
Pradesh, India: International Crops Research Institute
for the Semi-Arid Tropics. 772 pp. Copies can be
ordered from CABI, Wallingford Oxon OX 10 8DE, UK. 
The plant family Leguminosae is second in economic
importance only to Gramineae, which includes the wor ld 's
cereals and pasture grasses. Indeed, about one quarter of
the total output of crop protein in the wor ld as a whole is
derived f rom legumes, which are of great importance
both in human diets and in the feeding of livestock. Pro-
duction is nevertheless l imited by major diseases, and
therefore there is a great need for a reference book on the
pathology of food and pasture legumes.
This book fills this need and provides substantial crit ical
reviews of each crop type as wel l as a cross-commodity
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perspective. It is written by leading research workers in
the USA, UK , India, Nigeria, Malawi , New Zealand,
Syria, Tanzania, and Uganda. The content is thus applicable
to both the developed and the developing wor ld , and to
temperate and tropical zones. Wel l illustrated wi th both
monochrome and colour plates, and thoroughly referenced
to the research literature, it represents an indispensable
volume for plant pathologists as wel l as plant breeders
and agronomists.
Chung, K.R. 1998. The contribution of ICRISAT's
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The conceptual linkage between increased food production
and improved nutritional status appears straightforward;
yet, devising research strategies that lead to real change
has proved dif f icul t . Although intra-household resource
allocations are a strong determinant of individual nutr i-
tional status, this bulletin focuses on the possibilities for
technical change to improve consumption at the house-
hold level. The reported study therefore seeks to update
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available for improving the diets of the rural poor, and
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rural villages in the semi-arid tropics (SAT). The ultimate
purpose is to discuss the menu of options available to
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agricultural technology and nutrit ional well-being. The
analysis focuses on identifying current dietary and
expenditure patterns in two regions wi th in the Indian
SAT.
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Publishing objectives
The International Arachis Newsletter (IAN) is published annually by the International Crops Research Institute for the Semi-Arid Tropics
(ICRISAT), and the Peanut Collaborative Research Support Program, USA. It is intended as a worldwide communication link for all those who
are interested in the research and development of groundnut or peanut (Arachis hypogaea L.) and its wild relatives. Though the contributions
that appear in IAN are peer-reviewed and edited, it is expected that the work reported will be developed further and formally published later in
refereed journals. It is assumed that contributions in IAN will not be cited unless no alternative reference is available.
IAN welcomes short contributions (not exceeding 600 words) about matters of interest to its readers.
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• Genome maps and information on probe-availability and sequences, and populations synthesized for specific traits being mapped. Glossy
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concluded projects.
• Details of recent publications, with full bibliographic information and 'mini reviews' whenever possible.
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How to format contributions?
• Keep the items brief remember, IAN is a newsletter and not a primary journal. About 600 words is the upper limit (no more than two
double-spaced pages).
• If necessary, include one or two small tables (and no more). Supply only the essential information; round off the data-values to just one
place of decimal whenever appropriate; choose suitable units to keep the values small (e.g., use tonnes instead of kg). Every table should
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generated illustrations.
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and place of publication and publishers (for books and conference proceedings) for every reference.
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• Give the correct Latin name of every crop, pest, or pathogen at the first mention.
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disk using Microsoft Applications.
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• Include the full address with telephone, fax, and e-mail numbers of all authors
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returned for revision, and could miss the publication date. Communications will be edited to preserve a uniform style throughout the Newsletter.
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printing.
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